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PREFACE 


In the last few years our compreliension of vital phenomena has been rapidly* 
extending. The nature of the sex hormones, and the reactions of living tissues 
toward them, have been prominent in this advance, and it is now generally 
understood that compounds formed in the pituitary, gonads and adrenals 
radically affect the structure and functions of the body and the workings of the 
mind. To-day our knowledge of these matters is grovxing so fast that to keep 
abreast of it is not easy for those who are occupied with many other affairs. The 
author felt, therefore, that a co-ordinated summary of experimental inquiries in 
this field might be useful. In pursuing the idea attention has been confined 
almost entirely to biological work performed in the laboratory; the ultimate 
possibility of applying the experience so gained for the benefit of man has been 
the leading motive. 

The essay can hardly be offered to the scientific world without an apology. 
Biological work is still largely confined to qualitative observation. Life is a 
changing process and in solving its problems we are often deprived of fixed 
and measurable data; moreov^er, the adaptability of living tissue to circumstance 
involves so many and such complex reactions that an exact prediction of the 
outcome of any extraneous influence cannot, as a rule, be stated in precise 
quantitative terms; nor can experimental results in this field be described 
adequately without specifying the conditions in which they were obtained. The 
presentation of the subject demanded by the latter drawback may, it is feared, 
he tedious to the reader, especially as the narrative contains many references 
to the literature. Sir James Paget complained of the difficulty of composing a 
readable scientific review, and the present writer is too modest to suppose that 
he has overcome the difficulty. It is hoped, however, that the matter contained 
in these pages may supply a trustworthy, though limited, foundation for further 
progress in both sex-hormone research and clinical practice. 

The author would like to regard his book as a tribute to the pioneers of sex- 
hormone physiology, with special regard to John Hunter (1728--93), the first 
and greatest of them. More than a hundred years before the term hormone had 
been invented, Hunter showed that the accessory reproductive organs are largely 
dependent for their development and even for their existence on some influence 
derived from the gonads. 

The writer regrets that miuch good work done in foreign lands has been given 
inadequate consideration, but it may be unnecessar}^ or impossible to insert 
every detail into a picture; for general portrayal it is perhaps enough to draw the 
salient features as far as possible with fidelity of outline and correct emphasis. 

My own experimental work on the sex hormones has been done, under the 
auspices of the British Empire Cancer Campaign, at the Chester Beatty Research 
Institute of the Royal Cancer Hospital (Free). To the authorities of these 
institutions, to Professor Kennaway the director, and to my other colleagues 
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I should like to express gratitude for their interest and encouragement. I have 
also to thank, most cordially, several donors for generous gifts of chemical 
material; among these donors are Dr Girard of Paris, Dr Laqueur of Amsterdam, 
Dr Macbeth of Organon, Limited, Mr Smart and Dr Miescher of the Ciba 
Company. To Dr Macbeth I am greatly indebted for extensive references to 
relevant literature. I should like also to acknowledge valuable advice from 
Dr F. H. A. Marshall. To Dr J. N. Goldsmith I am especially grateful ; not only 
has he prepared an exceptionally helpful index but he has given great help 
with proof-reading and advice on various details. Lastly, I must mention the 
unremitting help which I have received from my wife, without whose aid 
this book could not have been written. 


H.B. 


London, 1944 



PART I. GONADOTROPHINS 


Chapter I. The Nature and Fimctions of Gonadotrophins 

Introductory remarks. Inactivation, excretion, sources and distribution of gonadotropliin. Are the 
pituitary gonadotrophins identical with those produced by the placenta? Are FRH and LH 
distinct compounds? The action of gonadotrophins on the ovary- and testis- The interstitial- cell - 
stimulating hormone. Pubern- and the awakening of sexual activity*. 

Introductory Remarks 

The gonadotrophins are so called because they govern the development and 
biological activities of the gonads.* Cushing & Goetsch (1915) showed that pitui- 
tary deficiency, whether naturally or artificially produced, is accompanied by 
atrophy of the reproductive and adrenal glands. Noble (I938^^) has described the 
progressive atrophy of these organs and of some of the accessory genital structures 
which follows hypophysectomy in male and female rats (Table i). 

Table i . Progressive atrophy of reproductive organs after hypophysectomy 
in male and female rats (Noble, 1938a) 

Males 

Average weights of organs in mg. 


Interv-ening r 


time 

(weeks) 

Number 

Testes 

Prostate 

Seminal 

vesicles 

Adrenals 

1 

•LZ 

1,204 

120 

52 

12 

2 

12 

854 

109 

56 

12 

4 

8 

366 

87 

42 

8 

6 

5 

273 

54 

34 

5 


Females 

Average weights of organs in mg. 


Weeks 

Number 

Ov^aries 

Uterus 

Adrenals 

X 

4 

24 

142 

28 

2 

6 

22 

129 

23 

4 

4 

17 

117 

14 

6 

3 

15 

82 

8 


The changes in the gonads and adrenal cortices after removal of the pituitary 
include shrinkage of nuclei and cytoplasm with arrest of secretion. These results 
can be prevented, or if already present can be reversed, by injecting extracts made 
from the anterior lobe of the pituitary of other animals into the muscles or 
subcutaneous tissues. 

The chemical nature of the gonadotrophins has not been exactly determined. 
They are soluble in water, give the general reactions of proteins, and are precipi- 
tated without deaaturation by ethyl alcohol. According to Askew & Parkes (1933) 
the ovulation-producing hormone of pregnancy urine is inactivated by heating 
to loo"^ C. in water, but loses none of its activity if kept at that temperature for 
I hour when dry; the results are unaffected by the exclusion of oxygen. From 

*■ -yovfi = gonad, Tpotp-rj = nourishment. 
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these and other observations it seems that the gonadotrophins are proteins or are 
so closely associated with proteins that their activity disappears when the latter 
are destroyed. The gonadotrophins also contain carbohydrate in the form of 
mannose and galactose. Among gonadotrophins from different sources Gurin 
(1942) has detected differences in the carbohydrate content. 

The effects of proteolytic etizymes on gonadotrophin. Evans, Simpson & Austin 
(1933^) found that the gonadotrophin of pregnant mares’ serum was but little 
affected by pepsin during 4 hours at 37° C. when the pU. was between 4 and 5, 
though at a of between i *8 and 2 its activity was destroyed. They note that 
other samples lost their potency when subjected to this in the absence of 
pepsin. Trypsin at a of 8*5 inactivated the hormone. Bates, Riddle & Lahr 
(1934) obtained FRH from beef pituitaries and digested it with trypsin at 37® C. 
and pH 8-0 for 2 hours. The material after this treatment was injected in four 
equal daily doses into immature ring doves whose testes were weighed 96 hours 
after the first dose, and compared with those of untreated birds of the same age. 
The results show that the hormone had been destroyed by the tryptic digest 
(Table 2). (See also Riddle, Bates, Lahr & Moran, 1936.) 

Table 2. The effect of trypsin on a gonadotrophic extract 
rich in FRH (Bates, Riddle & Lahr, 1934) 


Average weight of doves’ testes 
96 hours after the first injection 

ing. 


Material injected 


Uninjected 

Injected 

Dose (mg.) 

control doves 

doves 

Untreated FRH 

4 

8-7 

49-2 


4 

6*5 

34-0 

FRH after digestion 

4 

6-5 

6-8 

with trypsin 

4 

7-8 

10*7 


8 

6*3 

6-6 



6*3 

88 


A^an Dyke (193^) ^^ 7 ® gonadotrophin of pregnancy urine is rendered 

inert by boiling, ultra-violet light, hydrogen peroxide or trypsin, but not by 
pepsin, though according to Fevold (1937) it is destroyed by pepsin. Collip 
(^937) states that pituitary gonadotrophin is inactivated by prolonged boiling 
and is sensitive to alkali, losing its potency at a little bojondpU 8. Thyro trophic 
hormone, he says, shows approximately the same reactions. Using extracts of 
sheep’s pituitary McShan Sc Meyer (1938, 1939) found that LH^ is largely if not 
entirely destroyed by trypsin when exposed to it for 3I hours at 37° C. and pH 
8*0, and is relatively resistant to ptyalin, whereas FRH is resistant to trypsin and 
destroyed by ptyalin. Ch’en & Van Dyke (1939) found that tryptic digestion 
abolished most of the luteinizing action of extracts of sheep or horse pituitary, 
but large doses of such digested extracts still caused some luteinization in the 
ovaries of hypophysectomized immature rats, showing that the destruction was 
not complete. 

* For brevity and ease of discussion follicle ripening and luteinizing hormones will be referred 
to as FRH and LH respectively, as though their separate identities had been established. 
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Chow, Creep & Van Dyke (1939) incubated extracts of fresh pig pitnitaries at 
37° C. with Tarious proteolytic enzymes; some of their results are giTcn in 
Table 3, and show that the gonadotrophin used was inactivated hy trypsin, 
chymotrypsin and pepsin, but not by papain or carboxypeptidase. 


Table 3. The effect of proteolytic enzymes on pituitary 
gonadotrophin (Chow, Creep & Van Dyke, 1939) 


Enzyme 

pH of digest 

FRH 

LH 

Thyrotrophin 

Pepsin 

4-57 

4- 


4- 

Papain 

4*57 

— 

— 

— 

Trypsin 

869 

-r — 

-f 

4- 

Chymotrypsin 

869 

4 - 


4- 

Carboxypeptidase 

869 

— 

_ 

— 

Note. +•= inactivated; —= not inactivated; — 

— partially inactivated. 


Abramowitz & Hisaw (1939) have also investigated the action of proteolytic 
enzymes on three different gonadotrophins, namely purified FRH and LH ex- 
tracted from the pituitaries of sheep and a chorionic gonadotrophin derived from 
the urine of pregnant women. Their findings suggest some differences in the 
proteolytic reactions of the extracts which were tested (Table 4). 

Table 4. Proteolysis of pituitary and chorionic gonadotrophins 
(Abramowitz & Hisaw, 1939) 


Pitxiitar>" gonadotrophin 


Enzyme 

pH. of digest 

FRH 

LH 

Chorionic 

gonadotrophin 

Papain. 

7*1 

4 - 

— 

4 

Trypsin 

7-1 

4 

4 

4 

Chymotrypsin. 

7*6 

4 - 

4 - 

4 

Crude ptyalin 

7*1 

4 

— 

■ ^ 

Note. 4 - = inactivated; — ==not inactivated; 4 — 

= partially inactivated. 


Li (1940) ground and treated the pituitaries of gonadectomized rats with 
trypsin at pH 9*6 and incubated the material for 2 hours at 38° C., after which it 
was assayed on 21 -day-old female rats, eight doses being given in 4 days, and the 
findings were compared with those obtained by pituitaries which had not been 
treated with trypsin (Table 5). His results show that the extract used which was 
rich in FRH was to a large extent inactivated by try^psin; the high degree of 
alkalinity of the digest will be noted. 


Table 5. The effect of trypsin on the gonadotrophic potency 



of the rat’ 

s pituitar}^ (Li, 1940) 


Sex of pituitary 

Total dose 

Pituitary 
treated by 

Mean weight of 
ovaries in test 

Alean weight of 
uterus in test 

donor 

(mg.) 

trypsin 

rats (mg.) 

rats (mg.) 

Female 

5 

— 

69-76 

82-10 

Female 

lO 

4 

23*73 

63-77 

Male 

5 

— 

66-65 

82-89 

Male 

lO 

4 

22-81 

40 ‘3 5 


The results of proteolysis which have just been mentioned, though they are 
not all in complete agreement, suggest that the gonadotrophins, if not themselves 
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protein, are dependent for their activity on a close association with protein. 
Spielman & Meyer (1937), having examined the electrophoretic properties of 
chorionic gonadotrophin, believe that it probably consists of a specific principle 
combined with a non-specific carrier. They arrived at this conclusion by observing 
that the hormone may be still active biologically in spite of a change of its 
isoelectric point. 

The gonadotrophins undergo bacterial decomposition, and cannot be given 
very effectively by the mouth, though some degree of response may follow oral 
administration (Goetsch & Cushing, 1913; Goetsch, 1916). 

i\s a rule 'gonadotrophins are not stored appreciably in the body; they are 
inactivated when introduced into the bloodstream and are excreted with the 
urine. An exception to the last rule will be mentioned presently (p, 5). 

Inactivation, Excretion, Sources and Distribution of Gonadotrophin 

Inactivation in the living body, Geist & Spielman (193 4 ) collected blood from 
the two ends of the severed umbilical cord of a baby and identified gonadotrophin 
in blood from the placental end in a concentration of 165 r.u. per litre, while none 
was recognizable in the blood obtained from the foetal end. (See also Sklow, 194Z.) 

It was shown by Lipschiitz & Vivaldi (1934) human chorionic gonado- 
. trophin when given intravenously to a rabbit disappears rather rapidly from the 
blood. Six to 8 hours after the intravenous injection of 100 r.u. only 20 per cent 
could be recovered from the blood, and 10 hours after injection only 10 per cent 
could be recovered. 

Friedman & Weinstein (1937) assayed 24-hour specimens of urine from normal 
men for gonadotrophin and found a daily excretion of about 6 r.u. Oral ingestion 
of human chorionic gonadotrophin did not increase the amount excreted. Intra- 
muscular injection of 600 or 750 r.u. was followed by an excretion in the urine of 
between 5 and 1 5 per cent of the amount given. 

Stamler is quoted by Zondek (1940^) as having given intravenous injections 
of gonadotrophin to dogs and found 3 hours later only 38*4 per cent of the 
amount injected still present in the circulation. The hormone was recognized in 
the urine within r minute of its injection, and continued to be present until 
20 hours later, the total amount excreted being 1 1-2 per cent of the original dose. 
In the gelding Stamler recovered from the urine only 5 per cent of a dose of 
gonadotrophin given intravenously. Zondek (1940 c) made a detailed inquiry into 
the inactivation of gonadotrophin within the body. First he killed young rats 
weighing about 30 g, and minced them. He then added to the naince a known 
amount of chorionic gonadotrophin together with a phosphate buffer of pH 7-9, 
and placed the material in the incubator. Later he was able to extract from the 
mashed and incubated tissues all the gonadotrophin which had been added. If 
however 1,000 r.u. were injected subcutaneously into rats of the same age and the 
animals were killed 24 hours later, only 10 per cent of the injected gonadotrophin 
could be extracted from their bodies. By other experiments he showed that in- 
activation of the hormone did not take place in the liver, spleen or muscles. 

It is conceivable that the gonads are partly concerned in the inactivation of 
gonadotrophin. This possibility is suggested by analogy, for Loesser (1934) in- 
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jected 3,000 units of thyrotrophin into normal rabbits and was unable, by tests 
on guinea-pigs, to recognize any of the hormone in the rabbits^ blood after the 
lapse of I hour, whereas if the same dose was given to a rabbit whose thyroid had 
been removed thyrotrophin could be detected in its blood 7 hours later. Loesser 
s^gg^sted, therefore, that the disappearance of thyrotrophin from the blood after 
intravenous injection might be, in part at least, effected by the thyroid gland. 
Pursuing this idea, Rawson, Sterne & Aub (1942) tried the effects on thyrotrophin 
of various tissues m vitro. They discovered that thyrotrophin is inactivated by 
thyroid gland, and to a slight extent also by thymus and lymph glands, but not by 
other tissues. 

Excretion of gonadotrophin , In man the excretion of chorionic gonadotrophin 
by the kidneys was demonstrated by Aschheim h Zondek (1927, 1928) and is the 
foundation of their test for pregnancy. As will be shown presently, chorionic 
gonadotrophin maybe formed apart from pregnancy; in the presence of chorionic 
tumours, whether in women or men, the urinary output of gonadotrophin is often 
very large and its recognition, is a valuable diagnostic aid. 

Gonadotrophin derived from the pituitary, like that from chorionic tissue, is 
excreted by the kidneys. Though the activity of the pituitary in producing 
gonadotrophin varies with changing sexual activities, in many species the hor- 
mone is formed and excreted to some extent at all ages. In women during the 
reproductive period of life there is a maximum excretion during each menstrual 
cycle at or shortly before the time of ovulation. Kurzrok, Kirkman & Creelman 
(1934) studied the renal output of gonadotrophin in ten young non-pregnant 
women and detected a suddenly enhanced output at about the middle of the 
menstrual cycle, apparently Just preceding ovulation. The continued formation 
and excretion of gonadotrophin after the menopause was shown by Osterreicher 
(1933), who assayed the urine of 149 women aged between 50 and 93 years and 
detected the presence of gonadotrophin in 65 per cent. He also verified its 
presence in the urine of five women whose ovaries had been removed (p. 33). 

In the pooled urine of normal men Evans & Gorbman (1942) detected between 
I and 4*5 r.u. or between 6 and 20 m.u. of gonadotrophin per litre. 

The experiments just quoted show that the fate of gonadotrophin in the body, 
whether derived from the pituitary or chorionic tissues of the host, or artificially 
introduced by injection, is of two sorts; some is inactivated within the body and 
some is excreted by the kidneys in an active form. Parkes & White (1933), using 
male and female rabbits which had been deprived of their gonads, performed the 
following experiment. Under anaesthesia the bladder was emptied and its outlet 
obstructed by ligature. Gonadotrophin was then injected into the ear vein and at 
various intervals afterward each animal was killed, its bladder removed and the 
contained urine assayed. In this way it was found that about one-third of the 
injected hormone could be recovered from the urine during the first 9 hours. 

Pituitary and chorionic gonadotrophins may not be excreted with equal ease by 
the kidney. Catchpole, Cole & Pearson (i 935) showed that in the pregnant mare, 
though much gonadotrophin is present in the blood, none is detectable in the 
urine. Human chorionic gonadotrophin, after injection into the pregnant mare’s 
blood stream, appears in the urine. Gonadotrophin, from the blood of a preg- 
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Bant mare, when injected into the circulation of the gelding, monkey, rabbit or 
rat, does not appear in the urine. For example, 3,000 r.u. of gonadotrophin pre- 
pared from the blood of a pregnant mare were given intravenously to a rabbit. After 
the lapse of 24. hours, assays of the blood showed that about half of the original 
dose was still present in the circulation. At this time none was found in the 
uterus, spleen, lungs, kidney or liver, and the missing hormone was not present 
in the urine. Gonadectomy had no influence on the rate of disappearance. Two 
facts seem to be indicated by these experiments. The first is that gonadotrophin 
is inactivated in the circulation though we do not know how or where; the other 
is that the gonadotrophin of the pregnant mare is different from that of the 
pregnant women inasmuch as the former is not excreted by the kidney, perhaps, 
as Zondek has suggested, because its molecules are too large. It has been thought 
that the production of gonadotrophin throughout gestation in the mare may 
perhaps take place in the pituitary and not in the placenta. 

Sources of gonadotrophin, (i) The anterior lobe of the pituitary is the chief 
source of gonadotrophin, and hypophysectomy is followed by atrophy of the 
gonads and the accessory genital organs (Cushing & Goetsch, 191 5 ; Smith, 19276, 
and many others). After hypophysectomy the reproductive system can be main- 
tained, or if already atrophied can be restored to a functional condition, by 
repeated subcutaneous or intramuscular implantations of pituitary tissue or by 
the injection of extracts made from pituitary glands. 

(ii) The placenta, Collip (1930) and Collip, Thomson, McPhail & Williamson 
(1931) tested extracts of human placenta on immature and adult rats, and 
obtained positive gonadotrophic responses ; confirmatory experiments have been 
reported by Philipp (1931), Collip, Selye & Anderson (1933) and Collip, Selye, 
Thomson & Williamson (1933). 

Apart from direct evidence of this kind other observations have indicated that 
the placenta forms gonadotrophin. Evans & Simpson (1929 J) noted that although 
the pituitary is enlarged in pregnancy and although the output of gonadotrophin is 
large in this condition, the gonadotrophic potency of the pituitary as tested by 
implantation into immature animals is not increased during gestation, as might 
have been supposed. Subsequently it was shown that the pituitary has little or 
no gonadotrophic potency during pregnancy, and it became obvious that the 
large amounts excreted in the urine, which are the foundation of the Aschheim- 
Zondek test for pregnancy, must arise elsewhere than in the pituitary. The stage 
of gestation at which increased amounts of gonadotrophin begin to appear in the 
urine is somewhere about the time when the ovum becomes attached to the uterus 
(Crew, 1936&; Evans, Kohls & Wonder, 1937), that is to say when a placenta is 
formed ; and the amount falls rather abruptly after parturition and expulsion of 
the placenta. Crew (1936a) examined the urine by the Aschheim-Zondek test in 
fifty cases at periods extending from | of an hour to 144 hours after delivery, and 
his results are given in Table 6 in which the rapid diminution of gonadotrophin 
in the urine after expulsion of the placenta is clearly shown. 

Evans, Kohls & Wonder (1937) made repeated assays of gonadotrophin in 
24-hour specimens of urine from six pregnant women. In each instance the 
greatest concentration, which ranged from 75,000 to 1,040,000 r.u. per litre of 
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Table 6. The reduced excretion of gonadotraphia in the 
urine in 50 cases after parturition (Crew, 1936^) 


Specimen of 

Hours after 

Positive to 

Negative to 

urine 

parturition 

A-Z test 

A-Z test 

I 

1-7 

45 

5 

2 

24 

26 

24 

3 

48 

15 

35 

4 

72 

2- 

48 

5 

96 

0 

50 

6 

120 

0 

50 

7 

144 

0 

so 


urine, was observ^ed i month, from the beginning of the first expected but missed 
menstniation. This rise was followed by an abrupt fall, so that by the 65 th day the 
hormone concentration in the urine was below 10,000 r.u. per litre and remained 
so till the end of pregnancy. Boycott & Rowlands (1938) by a different method 
found that the concentration of gonadotrophin in the urine rose rapidly from the 
6th week of pregnancy, reached a maximunoL between the 56th and 84th days, and 
then declined to a fairly constant level which was maintained to the end of 
pregnancy. Browne & Venning (1936) found the highest concentration on the 
60th day after the ist day of the last menstrual period. 

A curious observation bearing on the formation of gonadotrophin by the 
placenta was made by Ware, Main & Taliaferro (1938), who assayed the urine for 
gonadotrophin in a woman with abdominal pregnancy. The child was removed 
by laparotomy, the placenta being left in situ. The excretion of gonadotrophin in 
the urine continued for 47 days, during which mammary engorgement and 
lactation were absent. In this case the excess of gonadotrophin excreted in the 
urine seems attributable to the continued presence of the placenta; the foetus, at 
any rate, could not be regarded as the source. 

Direct evidence of the formation of gonadotrophin by placental cells has been 
obtained by Jones, Gey & Gey (1943) who maintained in vitro cultures of cells 
from human placentae and hydatidifoim moles. Assays were made when the 
media had been changed several times and the explants consisted entirely of new 
cells. Gonadotrophic responses were obtained in 20 of 29 tests made with this 
material on immature rats, whereas negative results followed in iS control 
experiments. 

Hitherto we have discussed gonadotrophin in general terms as though that 
which is formed by the placenta and excreted in the urine in pregnancy were 
identical with that normally produced by the pituitary. It is by no means sure, 
however, that placental and pituitary gonadotrophin are the same. Co Hip and his 
colleagues using a gonadotrophic extract of placenta found that its activities were 
like those of pregnancy-urine extracts, but differed from pituitary gonadotrophin 
inasmuch as it merely caused thecal luteinization in the ovaries of hypophy- 
sectomized, immature rats and guinea-pigs and did not bring about maturation 
of follicles or formation of corpora lutea ; that is to say it consisted mainly of LH. 
This question will be discussed in more detail later on (p. 10). 

(iii) Chorionepithelionia, whether in wmman or man, is accompanied by a high 
output of gonadotrophin in the urine, as revealed by the Aschheim-Zondek 
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pregnancy test (Zondek, 1930; Heidrich., Fels Sc Mathias, 1930; Eergiisan, 
Downes, Ellis & Nicholson, 1931; Evans, Simpson, Austin Sc Ferguson, 1933; 
Montpellier & Herlant, 1933). In either sex this fact may be of use to the 
diagnostician. 

In womeriy a positive test, continuing after the uterus has been apparently 
emptied of the products of conception, may establish the diagnosis at a time when 
remedial measures will be effective and from this standpoint the test may be of 
the greatest value. At an earlier stage, when an attempt is being made to dis- 
tinguish a normal pregnancy from a hydatidiform mole, the test is not so useful, 
for, as Boycott & Smiles (1939) have found, the output of gonadotrophin in cases 
of chorionepithelioma is not necessarily greater than that in normal pregnancy, 
though perhaps an excessive excretion of gonadotrophin would rather suggest 
the presence of chorionepithelioma. 

In men the test, being free from the possible complication of pregnancy, is of 
the greatest aid in making a differential diagnosis. Heidrich, Fels & Mathias 
(1930) were the first to report the use of the pregnancy test in a male. The patient 
was 35 and had a tumour of the testis, and among other symptoms had gynae- 
comastia with the secretion of colostrum. A positive Aschheim-Zondek test was 
obtained with both his blood and urine before death, one litre of urine containing 
35,000 m.u. of gonadotrophin. After death implants of the primary tumour into 
immature mice also produced positive reactions, though implants of the normal 
testis or of the pituitary did not. 

The test may be positive though the primary tumour in the gonad is so small 
as to be overlooked: in fact the affected testis may appear atrophic (Graver & 
Stewart, 1936). 

Attempts to distinguish chorionepithelioma from other kinds of testicular 
tumour by means of the Aschheim-Zondek test have not been so successful as 
had been hoped. 

According to Ferguson (1933 <2, see also Ferguson, Downes, Ellis & 
Nicholson, 1931) an excess of gonadotrophin in the urine may accompany 
tumours of the testis which might be described as teratomata rather than 
chorionepitheliomata. It seems possible that in these cases chorionic tissue may 
form some small part of the teratoma. 

Montpellier & Herlant (1933) reported a case of seminoma of the testicle in 
which large amounts of gonadotrophin were present in the urine. They believe 
that the nature of the gonadotrophin may to some extent reflect the nature of the 
testicular tumour. The urine from a patient with seminoma, they say, when in- 
jected into immature rats or mice, causes ripening of the follicles only, whereas 
the urine from cases of chorionepithelioma of the testis provokes the appearance 
of haemorrhagic follicles and corpora lutea. 

Fortner S: Owen (1935) think that quantitative estimations of the urinary out- 
put of gonadotrophin might help in distinguishing clinically between teratoma 
and chorionepithelioma and give approximate figures (Table 7). 

Ferguson (1933 a) has noted the presence of gynaecomastia with secretion of 
colostrum in five among 1 17 cases of testicular tumour in which he has examined 
the urine for gonadotrophin. Further, he calls attention to the fact that the 
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Table 7. Urinary' output of gonadotrophin in cases of 
testicular tumour (Fortner & Owen, 1935) 

Condition Mouse units of gonadotrophin per litre of urine 

Normal 50 

Teratoma 50—10,000 

Chorionepithelioma 10,000-150,000 or more 


pituitary in cases of chorionepithelioma shows histological changes similar to 
those which accompany pregnancy. These observations have been confirmedT^y 
Entwisle &Hepp (1935) and Solcard, Le Cliuiton, Perves, Berge & Pennaneac’h 
(1936). According to Evans, Simpson, Austin & Ferguson (3933), the gonado- 
trophin present in the urine in cases of testicular tumour shows predominantly 
an FRH activity, although presumably it has been formed by chorioa-like tissue 
and therefore by analogy might have been expected to show a pronounced 
luteinizing action. 

The presence of gonadotrophin in chorionepitheliomatous tissue was con- 
firmed by Philipp (1931), who implanted fragments of tumour from a human case 
into immature female mice and obtained pronounced positive responses, as 
Heidrich, Fels &: Mathias (1930) had already reported. 

(iv) Sources outside the animal body. Apparently the production of gonado- 
trophin is not confined to animals. Hisaw, Creep & Fevold (1936) extracted from 
brewers’ yeast a water-soluble substance which had some gonadotrophic pro- 
perties. In immature rats it prevented atrophy of the testes after hypophy- 
sectomy, though it did not prevent some degeneration of the interstitial glandular 
cells of the testis nor atrophy of the accessory generative organs. In hypophy- 
sectomized adult rats treated with the extract the testes remained in the scrotum 
and spermatogenesis was maintained; the accessory glands, though smaller than 
normal, continued to secrete. 

Friedman (1938) obtained from young oat plants a substance which when 
given intravenously to rabbits caused ovulation. One rabbit unit of this material 
was extracted from between 30 and 80 g. of the dried plants. 

In this connection it must be remembered that ovulation in the rabbit may be 
induced by the intravenous injection of material which has no gonadotrophic 
potency. 

The distribution of gonadotrophin in the body. From the organs in which it 
arises, namely the pituitary, placenta and tumours of the type known as chorion- 
epitheliomata, gonadotrophin passes into the blood and some is excreted in the 
urine. Because of its elimination by the kidneys together with its gradual in- 
activation in the body there is a falling gradient in the bloodstream. This has been 
demonstrated in the foetus, for blood collected from the placental end of the 
divided umbilical cord is rich in gonadotrophin whereas little or none is detected 
hy ordinary means in the blood returning from the foetus (Geist & Spielman, 
1934). The site of inactivation has not yet been determined. In the foetus the 
process appears to be rapid, for Parker & Tenney (1940) found that, in normal 
pregnancy, although gonadotrophin is present in about equal concentration in 
the maternal blood, urine and placenta, none is evident in the foet al organs. 
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blood or amniotic fluid. ^ Heim (1931) reported that by means of the Aschheim- 
Zondek test gonadotrophin could be detected in colostrum, and that it dis- 
appeared from the milk on the 5th day after parturition. At autopsies on a man 
and a woman who had died with chorionepitheliomata Ewald found relatively 
high concentrations of gonadotrophin in the cerebrospinal fluid. Gonadotrophin 
has been detected in the cerebrospinal fluid during normal pregnancy, though its 
concentration is low. Aschheim & Zondek (1927) detected gonadotrophin in 
the ovaries, placenta and blood of pregnant women and in blood from the 
umbilical cord. 

Are the Pituitary and Placental GonadotropMns identical ? 

Evans & Simpson (i929i)and Engle (192942) seem to have been the first to report 
a difference between pituitary and placental gonadotrophin. The former found 
that the weights of ovaries precociously developed in rats of 26 days under the 
influence of implanted pituitary gland were, within limits, nearly proportional 
to the amount of tissue implanted. With 4 times the minimal dose the ovaries 
were increased approximately 4 times in weight. With an extract of pregnancy 
urine if 4 times the minimal effective dose had been given the ovaries were not 
appreciably larger than after a minimal dose; and it was found that with 150 
times the minimal dose the ovarian tissue was barely trebled. The difference lay 
in the number of follicles stimulated. Pituitary implants caused a much more 
general follicular development than that which followed the administration of 
extracts of pregnancy urine (see also Evans, Meyer & Simpson, 1931)- Engle 
(1929^2) noted a difference between the effects on immature female mice of 
pituitary implants and extracts of pregnancy urine. The former caused extensive 
follicular maturation and ovulation while the latter caused follicular growth and 
luteinization without ovulation. In an adult macaque Engle (1932a, 1933) noted 
that pituitary gonadotrophin induced changes in the sexual skin like those which 
follow the administration of oestrin, whereas no effect on the sexual skin nor 
stimulation of ovarian follicles was caused by placental gonadotrophin. Ham- 
burger (1933 a) has made observations like those of Evans & Simpson. He com- 
pared gonadotrophin extracted (a) from the urine of men and women who had 
been castrated and of women who had passed the menopause with (&) gonado- 
trophin obtained from the urine of pregnant women. Hormone (a) is derived 
from the pituitary^, while hormone (b) probably is derived mainly or entirely from 
the placenta because the human pituitary during pregnancy has been shown to be 
nearly or quite free from gonadotrophin. When tested on inamature female mice 
or rats, hormone (a) caused a large number of ovarian follicles to ripen at the 
same time, whereas hormone (b) affected only a few follicles, causing them to ripen 
and to become very large and protuberant while the remainder were not brought 
to maturity. Gonadotrophin prepared from patients with testicular teratomata 
resembled in action that obtained from the urine of pregnant women (cf. p. 9). 

Reichert, Pencharz, Simpson, Meyer & Evans (1931, 1932), Evans, Meyer Sc 
Simpson (1932) and Smith & Leonard (1933) found that, in dogs and rats, prolan 
prepared from the urine of pregnant women failed to preserve the normal de- 

occasions the author, collaborating with Douglas H. MacLeod, has obtained a 
positiv-e A-Z reaction in mice with human amniotic fluid. 
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velopment and functions of the reproductive system in males and females after 
hypophysectomy, a failure which contrasted with the success obtained By im- 
plants or extracts of the pituitary gland itself in similar circumstances. 

Selye, Collip & Thomson (19335) noted that pituitary gonadotrophin can re- 
store the ovaries in the hypophysectomized rat to a normal or nearly normal 
condition, while extracts prepared from pregnancy urine merely cause luteiniza- 
tion. Engle (1933) obtained comparable results in young rhesus monkeys. 

Collip, Selye Sc Anderson (1933) prepared gonadotrophin from the placenta 
and it appeared to be identical in action on rats with that extracted from preg- 
nancy urine but not with that from the anterior pituitar\" ; moreover, different 
methods were required to extract the hormones from the pituitary and the 
placenta. 

Leonard (1933 a, b) made tests with extracts of human pituitary gland and 
compared their effects with those produced from human pregnancy urine. The 
non-identity of these gonadotrophins was shown by three different tests, (i) The 
minimal dose of the pituitary extract required to cause ovulation in rabbits was 
I r.u., while 2 r.u. of the urinary extract were required to produce the same 
result; (2) an amount of extract representing i to 10 mg. of dried human pituitary 
injected daily into rats for 5 days led to ovaries weighing as much as 187 mg., 
whereas 100 to 400 r.u. of the urinary extract gave ovaries weighing not more 
than 45 mg. ; (3) the pituitary extract caused development of the testes of white 
leghorn cockerels, whereas the urinary extracts did not. 

Evans, Simpson & Austin (1933 <3, b) made the important observ^ation that the 
inactivity of placental gonadotrophin in hypophysectomized animals can be 
remedied by the addition of a small amount of pituitary extract (see also Jensen, 
Hauschildt & Evans, 1942), Furthermore, they suggest that the pituitaiy com- 
ponent possessing this power of activation is not one of the recognized pituitary 
hormones. It can be boiled for 30 minutes with only a slight redaction of 
activity, does not become oxidized on exposure to the air and, unlike gonado- 
trophin, is not destroyed by formic acid. Collip, Selye, Thomson & Williamson 
(1933) have made similar obser\^ations, and Noble, Rowlands, Warwick & 
Williams (1939) have reported the same sort of phenomenon (cf. pp. 63, 74). 

A curious fact bearing on this subject was elicited by Riddle (1931), who found 
•that the pigeon’s testes, though very sensitive to gonadotrophin derived from the 
pituitary, are insensitive to that derived from the urine of pregnant women. 
Schockaert (1933) obtained comparable results with chicken and Vitschi & 
Keck (1935) reported similar results with the sparrow (Passer domesticus). The 
quiescent gonads of these birds in the winter yielded no response to the gonado- 
trophic hormone obtained from pregnancy urine, but when an extract from 
the anterior lobe of the pituitary (6 r.u. daily) was given their testes increased 
in volume 100 to 150 times within 18 days, and the sparrows showed the 
black beak and other secondary changes characteristic of the breeding season. 
In connection with these findings it may be mentioned that Evans Simpson 
(1934) reported that the pigeon’s testes failed to respond to gonadotrophin ob- 
tained from pregnant mare’s blood, though this gonadotrophin is thought to be 
pituitary origin. Schockaert (1933) compared the actions of pituitary and pla- 
cental gonadotrophins on the testes and accessory genital organs of immature 
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rats and cockerels. Some of his results are given in Table 8 and show that in rats 
treated with pituitary gonadotrophin the testes are larger while the accessory 
genital organs are smaller than in rats treated with placental gonadotrophin. 
Greatly increased development of the cockerel’s testes and comb were caused by 
pituitar}^ gonadotrophin, whereas they were unaffected by placental gonado- 
trophin. 

Table 8. The action of pituitary and placental gonadotrophins on the 
immature rat’s testes and accessory genital organs (Schockaert, 1933) 

Treatment 

Pituitary Placental ^ 

None gonadotrophin gonadotrophin 
(mg.) (mg.) (mg.) 

Weight of testes per 100 g. of bodyweight 1,686 i>348 

Weightofaccessory organs per 100 g. of bodyweight 667 600 r,o8i 

Liu & Noble (1939) treated male rats after hypophysectomy with {a) an extract 
of pregnant mare’s serum or (h) an extract of human pregnancy urine. The 
gonadotrophin of [a) is thought to be derived from the pituitary, whereas that of 
(p) is from the placenta. If treatment was begun immediately after removal of the 
pituitary, extract {a) maintained spermatogenesis and stimulated the interstitial 
cells to produce androgen enough to prevent atrophy of the accessory genital 
structures. In similar doses and tested in the same way extract (A) was ineffective. 
If treatment were delayed for 14 or 28 days after the operation and the extracts 
were given in much larger doses, extract [b) was more efficient than [a) as a 
stimulator of the interstitial cells but had less effect on spermatogenesis. Noble, 
Rowlands, Warwick k Williams (1939) found that the results in the female of 
giving placental gonadotrophin were not the same in the presence and absence 
of the pituitary. Given to hypophysectomized rats placental gonadotrophin 
caused extensive luteinization in the ovaries without stimulating follicular 
growth, whereas, in the presence of the pituitary, growth of the follicles was 
caused in addition to luteinization. Bischoff (1942) has reported a difference of 
chemical reactivity between pituitary and placental gonadotrophins. 

Additional evidence of a difference between the gonadotrophins derived re- 
spectively from the pituitary and the placenta is afforded in the following pages 
and also in the section dealing with acquired resistance to gonadotrophic extracts. 

Are the Follicle Ripening (FRH) and Luteinizing (LH) 
Hormones Distinct Compounds ? 

For ease of literary presentation FRH and LH are mentioned as though their 
separate identities had been proved. Neither of these supposedly different 
hormones has yet been' prepared in a pure form, and until such preparation has 
been achieved it would be hardly justifiable to conclude that they are chemically 
distinct. Some unrecognized factor might account for the different reactions 
commonly attributed for convenience to FRH and LH respectively. 

Much of what has been written in the last few pages concerning the identity 
or non-identity of pituitary and chorionic gonadotrophins might be used as 
evidence of a difference between FRH and LH; for the follicle ripening effect is 
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a strong feature of pituitary tissue, whereas a luteinizing effect is the predominant 
character of chorionic extracts or substance. The matter is so important that it 
may be worth while, even though no precise conclusion is reached, to quote 
several different kinds of experiment which bear upon the present theme. 

Aschheim & Zondek (Zondek, 1935) and others believed that maturation and 
luteinization of ovarian follicles might be caused by different agents. Though no 
one has yet isolated FRH or LH in pure form, extracts have been obtained show- 
ing great predominance of FRH or LH effects. Attempts to separate the two 
hormones, supposing them to be different substances, have followed two main 
lines. The first depends upon subjecting material — e.g. pituitary^ substance or 
urine — to procedures which will destroy or extract one hormone and not the 
other. Thus Loeb, Saxton & Hayward (1936) found that by immersing bovine 
pituitaries in per cent solutions of formalin the LH content was largely in- 
activated, so that an extract could be prepared having a nearly pure FRH 
activity. Similar results have been obtained by different means (Fevold, Hisaw, 
Hellbaum & Hertz, 1933 ; Hertz & Hisaw, 1934, and others). The second method 
of obtaining preparations having almost pure FRH or LH effects has been by 
appropriate selection of the raw material. Experiments have shown that in the 
urine of pregnant women LH is present in a considerable preponderance, whereas 
ia the urine of men, or of women who have undergone gonadectomy, FRH greatly 
predominates, and from these different urines extracts can be obtained which 
show almost pure LH or FRH reactions. Both of the foregoing methods Lave 
been of use in studying the biological actions of gonadotrophins. 

A device which has been employed in the study of hormonal action is para- 
biosis. In this procedure two littermate animals are joined together side to side 
by a surgical operation so as to convert them, as it might be described, into 
Siamese twins. When two animals are. thus united a slow interchange of 
hormones can take place between them. Martins (1930), while watching the 
effects of parabiosis on rats and mice, noticed that when a normal female was 
joined to a normal male the oestrous cycle was either unaffected or anoestrus 
ensued; but when a normal female was joined to a castrated male a state of 
constant oestrus was induced in the female, the ovaries showing an excessive 
follicular development and maturation without luteinization. Further, Martins 
found that parabiotic union of a normal female with a cryptorchid male also 
caused constant oestrus in the female with excessive follicular development 
unaccompanied by luteinization. He noticed too that cryptorchidism led to 
histological changes in the pituitary which, though less pronounced, resembled 
those following castration, including the presence of ‘castration cells’. The ex- 
periment suggested that castration and to a minor degree cryptorchidism so 
affected the pituitary that it produced a continuous and enhanced supply of FRH 
and little or no LH. 

Witschi, Levine 8 c Hill (1932) sterilized male rats by X-radiation of their 
testes. This treatment destroyed the seminal epithelium but left the interstitial 
glandular tissue unaffected, so that the secondary male sexual characters were 
maintained. When these rats were subsequently joined parabiotically with normal 
females the latter exhibited constant oestrus, showing that they were receiving 
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from the sterilized males an excessive supply of FRH and little or no LH. 
Further, Witschi and his colleagues found that the pituitaries of these rats which 
had been sterilized by X-rays showed changes, including the presence of ‘ castra- 
tion cells’, like those which follow removal of the testes. Levine & Witschi (1933) 
placed female rats which had been sterilized by X-rays into parabiotic union with 
normal females with the result that constant oestrus occurred in the latter. The 
same workers (Witschi & Levine, 1934) joined normal female rats with castrated 
males. When constant oestrus had become established the females were hypophy- 
sectomized, after which the constant oestrus persisted. The pairs were now 
separated with the result that anoestrus appeared in the females within % days and 
was accompanied by atresia of all the matured follicles. If the male instead of the 
female were submitted to hypophysectomy while the parabiotic union was main- 
tained, the female at once returned to a condition of cyclical oestrus. These ex- 
periments confirm those of Martins and suggest that during parabiosis there was 
an excessive supply of FRH and that it was derived from the pituitary gland of the 
castrated or otherwise sterilized partner. 

A more direct proof that the output of FRH is increased after castration, is 
supplied by an experiment of Du Shane, Levine, Pfeiffer & Witschi (1935). 
A female rat deprived of her pituitary and joined parabiotically with a normal 
male or female did not obtain enough pituitary hormone from her partner to 
maintain her ovaries at their normal weight. If now the normal partner were 
castrated or spayed, the hypophysectomized twin went into constant oestrus and 
the ovaries contained large follicles without corpora lutea. 

Hertz & Hisaw (1934; see also Fevold, Hisaw, Hellbaum & Hertz, 1933) 
prepared two extracts from sheep’s pituitaries, the one rich in FRH and the 
other in LH, and tested their activities (a) on infantile rabbits of 4 weeks weighing 
500 to 700 g., and (6) on juvenile rabbits of 12 to 13 weeks weighing 1,300 g. The 
infantile rabbits showed no ovarian response. The juveniles reacted to both the 
FRH and LH extracts, but in quite a different manner. FRH caused maturation 
of ova without luteinization, while LH caused massive luteinization. 

Fiessinger & Moricard (1934), by tests carried out on infantile mice, showed 
that extracts of pregnancy urine caused ovarian luteinization while extracts of 
urine from women past the menopause caused maturation of ova. Hamburger 
(1933/z) states that the follicle ripening and luteinizing potencies of pregnancy 
urine change as pregnancy advances, and this perhaps might be regarded as 
additional evidence that two distinct hormones are concerned in the effects. 
Hellbaum (1933) implanted portions of pituitary from castrated horses into six- 
teen immature female rats with the consequence that follicular maturation 
occurred in all but two; in these a slight degree of luteinization was present. 

Smith, Eagle & Tyndale (1934; see also Leonard & Smith, 1933, and Rogers, 
1938) prepared gonadotrophic extracts [a) from the urine of women who were 
past the menopause or whose ovaries had been removed, and (4) from the urine 

pregnant women; and they tested these preparations on hypophysectomized 
rats. Extract {a), in which FRH preponderated, caused in females a proliferation 
of granulosa cells and maturation of ova, and in males a proliferation of germinal 
epithelium without an increase of the interstitial tissue or a restoration of the 
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atrophied accessory geaeratwe organs ; extract (i), which consisted mainly of LH, 
caused hypertrophy of the interstitial tissue of the ovarj- with luteinization if the 
granulosa was well enough developed, and in males an increase of the interstitial 
tissue of the testis with enlargement of the accessory generative organs. Creep, 
Fevold & Hisaw (1936; see also Creep & Fevold, 1937, and Creep, 1937) made 
similar observations. In their experiments FRH gwen to rats from the time of 
hypophysectomy onward maintained spermatogenesis for 40 days, although 
during this time the accessory generative organs underwent atrophy. LH given 
in the same circumstances both maintained spermatogenesis and prevented 
atrophy of the accessory organs. Additional work of this kind with comparable 
results has been done by FraenkeUConrat, Simpson & Evans (1940). Leblond 
(19386) prepared FRH and LH extracts from sheep’s pituitaries and tested them 
on pigeons. Before starting the injections laparotomy vras done and the left testis 
or the largest ovum was measured; and the weight of the testis was calculated by 
a method suggested by Benoit. Each pigeon received a daily dose of the extract 
representing i g, of pituitary and was killed on the 7th day. The results are 
shown in Tables 9 and 10. 


Tajble 9. The effect of FRH and LH respectively on the pigeon’s 
testes (Lehlond, 19386) 


Treatmeat 

None 

FRH 

LH 


Number of 
birds 

4 

3 

3 


Average weight of left 
testis before treatment 
(calculated) 

(ing-) 

762 

589 

579 


Average weight of left 
testis after treatment 
(mg.) 

726 

958 

274 


Table i 0. The effect of FRH and LH respectively on the 
pigeon’s ovary (Leblond, 19386) 


Treatment 

None 

FRH 

LH 


Mean diameter of 
largest ovum before 
Number of injection 

birds (mm.) 


Mean diameter of 
largest owuxa after 
injection 
(mm.) 


Mean weight 
of oviduct 

(mg-) 


3 


3'5 


5’8 


3-4 491 

7'2 5>227 

2-4 340 


As the tables show, FRH caused an increase in the average size of the testis 
and the largest ovum, while LH caused a decrease. The great enlargement of the 
oviduct is attributable to oestrin produced in consequence of the action of FRH 
oa the ovary. 

Another phenomenon which suggests that FRH and LH are not identical is 
described by Fevold, Hisaw & Creep (1937) as ‘augmentation’. They found that 
when. FRH is injected into 21 -day-old rats in graded doses the ovaries increase 
in proportion with the dose only until they weigh about 45 or 50 mg. — though 
there is no sharply defined upper limit, and the curve of increase does not end in 
a horizontal line. When, on the other hand, FRH and LH are injected together 
the ovaries increase in weight regularly with the dosage. Ten rat units of FRH 
caused ovaries of 42 mg. The same amount of FRH with LH added caused ovaries 
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of 8o mg. By increasiag the doses of LH and FRH together ovaries of 600 mg. 
were obtained. LH alone had no effect on the weight of the ovaries of infantile 
rats. They conclude that LH makes the ovaries more sensitive to FRH, and 
explain that this augmentation of response is different from that caused by the 
addition of zinc salts or tannic acid. The latter act by reducing the rate of absorp- 
tion of the injected hormone and so prolonging its action; to cause augmentation 
of effect they must be injected with the hormone, whereas LH will augment the 
effect of FRH whether mixed with it or introduced into another part of the body. 
Foster, Foster & Hisaw (1937) treated hypophysectomized rabbits with FRH and 
LH. If given within 14 days of hypophysectomy, FRH alone caused maturation of 
ovarian follicles without ovulation. If the rabbit were treated for 5 days with FRH 
and then given LH in addition ovulation was induced. The optimal mixture for 
this result was 50 parts of FRH to i of LH; too much LH prevented ovulation. 

Saunders & Cole (1938) say that augmentation of the response to FRH can be 
produced as readily by egg albumin as by LH, and that the use of augmentation 
as a specific test for LH does not seem justified. 

Leonard (1937) observed that oestrone given to immature female rats decreased 
the response of their ovaries to FRH but not to LH. 

At this point it might appear certain that the pituitary forms at least two 
different gonadotrophins, one of which causes maturation, of ova and the other 
luteinization, these two contrasting effects having been demonstrated in the rat, 
rabbit, guinea-pig, cat, monkey and man. Pituitary extracts exhibiting almost 
pure effects of one kind or the other have been prepared by Fevold, Hisaw &: 
Leonard (1931), Wallen- Lawrence (1934), Loeb, Saxton & Hayward (1936), 
Dodds & Noble (1936), and others. A complete separation of FRH from LH 
has not, however, yet been achieved, and therefore it is still unsafe to conclude 
that the two are distinct entities. 

To justify doubt in this matter reference may be made to experiments which 
reveal that a single pituitary preparation apparently may cause according to 
circumstances a pure FRH or a pure LH effect. Evans, Simpson & Pencharz 
(1935) implanted pituitaries from castrated male rats into hypophysectomized 
female rats, 26 days old. With a certain dose of pituitary substance a pure FRH 
response was obtained, but if the dose were doubled luteinization occurred. 
Frank, Salmon Sc Friedman (1935; see also Salmon &: Frank, 1936) prepared 
gonadotrophin from the urine of women whose ovaries had been removed or who 
were past the menopause. Such preparations predominantly show a follicle- 
ripening action when tested on infantile rats or mice. Frank and his colleagues, 
however, found that by merely increasing the dose a luteinizing effect could be 
imposed. 

The action of a given gonadotrophic extract may be influenced by the gonads. 
Oestrogens seem to assist in the luteinizing action of the pituitary, and it is 
possible either that oestrogens suppress the output of FRH from the pituitary 
while stimulating it to produce LH or that luteinization is produced by a co- 
operation between oestrogen and FRH. 

Collip, Selye & Thomson (1933^) treated hypophysectomized immature rats 
with prolan (LH), and found that if the injections were begun after removal of 
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the pituitary oestrus was aot induced. If, however, the same prolan was given 
for 5 or more days before removal of the pituitary it caused continued oestrus ; 
that is to say, the response of the ovaries to LH after hypophysectomy is con- 
ditioned by their state at the time of the operation. 

According to Noble, Rowlands, Warwick & Williams (1939) the response of the 
immature rat’s ovary to chorionic gonadotrophin is largely influenced by the rat’s 
own pituitary. In normal immature rats, they say, the response is enlargement of 
the follicles and the formation of normal or atretic corpora lutea, whereas in 
hypophysectomized immature rats the only response is a diffuse luteinization of 
stromal and thecal tissue. These results suggest that chorionic gonadotrophin 
consists primarily of LH alone. Further, these workers find that preparations of 
pituitary gland when given to hypophysectomized rats cause only grov^h of the 
follicles without luteinization, whereas in normal rats they cause growth of the 
follicles and luteinization. 

Witschi (1940) has recorded a special reaction to LH which does not occur in 
response to FRH, namely a pigmentation in the breast feathers of the weaver 
finch. This pigmentation represents the male breeding plumage, and Witschi 
suggests that its artificial induction by LH might be used for assaying this 
hormone. 

The various experimental results just quoted neither prove nor disprove the 
identity of FRH and LH, nor do they indicate precisely their respective actions. 
The problem is complicated by the mutual influence of FRH and LH upon each 
other, and probably also by the effect of gonadal hormones on their actions. 
A similar complication was faced when the actions of androgen, oestrogen and 
progestin were being investigated before the individual hormones had been 
isolated, and before it had been learned that the biological activities of a particular 
gonadal hormone may depend largely on the proportion in which other gonadal 
hormones are or have been present. 

The Action of Gonadotrophins on the Ovary with 
special reference to Hormonal Balance 

The dominating influence of the pituitary on the ovary is shown by the results of 
hypophysectomy, for the operation is followed in young animals by an arrest of 
further ovarian development and in adults by a reversion of the ovary to the 
atrophic infantile condition, while every follicle already present becomes atretic. 
These effects of removing the pituitary can be largely prevented by the repeated 
implantation of pituitariesfrom other animals or by the injection of gonadotrophin. 

Although the pituitary governs the ovary its influence is controlled. Between 
the two organs a balance exists by which the activity of each is kept within bounds, 
so that overaction of the pituitary would be checked by the ovary" and vice versa. 

Maturation of follicles and puberty. One consequence of this balance is a 
regulation of the number of follicles which mature during each oestrous cycle. 
The ripening of follicles does not occur until puberty has been attained, after 
which with every oestrous cycle one or more follicles will ripen. The number 
reaching maturity at each cycle in different species is limited to the requirements 
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of the iadividual and is related to the size of the litters, allowance being made for 
wastage of ova. 

When pituitary substance orFRH is supplied in excess, the regulating mechanism 
may be overborne, so that with immature females a precocious maturation of 
follicles takes place (Zondek & Aschheim, 1927 a\ and in both immature and adult 
subjects an excessive number of follicles may come to maturity at one time. 

Smith & Engle (1927) transplanted pituitaries or portions of pituitary into 
mice. The material used was deriv^ed from several species, namely mouse, rat, 
rabbit, guinea-pig, cat and pigeon, and was active from each of these sources. 
When given to immature mice the implants induced premature maturation of 
ovarian follicles with the secondary effects of precocious keratinization and 
opening of the vagina and enlargement of the uterus. In adult mice the pituitary 
implants caused a great increase in the size of the ovaries owing to the presence 
of an excessive number of maturing follicles. Hamburger ( 193 3 ^, &) made a similar 
observation. By the same method of pituitary implants Cardoso (1934.) produced 
comparable changes in the ovary of a fish. 

The effects of gonadotrophin on the ovary are not the same at all periods of life. 
In the very early stages of immaturity the ovarian follicles are irresponsive to 
gonadotrophin. This feature of the pituitary-ovarian relationship will be dis- 
cussed later (p. 70). 

Ovulation and luteinization. Ovulation, that is to say the discharge of ova from 
ripe follicles, is not an inevitable sequel to maturatio'n. In the rabbit, ferret, 
sheep, pig and some other animals the mature follicles do not usually discharge their 
contained ova in the absence of mating or some other adequate stimulus. Heape 
(1905), who made these observations, noted that in the rabbit ovulation occurred 
about 10 hours after copulation but could be prevented by previous occlusion of 
the ovarian blood vessels. In the absence of mating, he noted, the ova are retained 
in the ovary, where they degenerate, becoming reddened and discoloured in the 
process. This condition is described as follicular atresia. It seems that during 
sexual rest the rabbit’s pituitary provides effective amounts of FRH only, and 
that in response to the sensory impulses of mating the pituitary produces an 
immediate supply of LH which is the effective stimulus for ovulation (Friedman, 
19296; Casida, 1934). The rapidity with which LH becomes available in these 
circumstances is remarkable ; to cut off its supply and so to prevent ovulation and 
luteinization the pituitary must be removed within about the first hour after 
copulation. That LH is the cause of ovulation is shown by the fact that one 
intravenous injection of this hormone in the oestrous rabbit will, apart from 
mating, cause ovulation followed by the development of corpora lutea and 
pseudopregnancy; moreover the release of ova from ripe follicles can be induced 
by LH in the absence of the pituitary (Rowlands & Williams, 1943). 

The ferret’s breeding season extends from April to August and during the rest 
of the year the animal is anoestrous. Hill & Parkes (1931) found that gonado- 
trophic extracts rich in LH, given between September and the end of January, 
caused in some ferrets ovulation followed by luteinization and pseudopregnancy. 
The same workers (1932) discovered that ovulation could be induced by LH in 
the pregnant rabbit. 
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Bums & Buyse (1934) by alkaline extracts of sheep’s pituitary induced op- 
position in immature salamanders, and the same result was obtained by Rugh 
(1937) in frogs, and by Hogben (1934) and Bellerby (1933) in the clawed toad 
(Xenopus), 

Mankind does not appear to be excepted from this subservience of the ovary 
to pituitary influence. Davis & Koff (1938) gave intravenous injections of gonado- 
trophin prepared from the serum of pregnant mares to thirt\’-six women before 
laparotomy. Examination of the ovaries during the subsequent operation showed 
that ovulation had occurred in half the total number, as shown by the presence 
of corpora lutea in an early stage of evolution. Usually in women, as in many 
other mammals, ovulation occurs regularly as an immediate sequence of follicular 
maturation, and no special added impulse is required to cause the discharge of an 
ovum from a ripe follicle. 

It seems probable that the action of gonadotrophin on the ovary^ is direct, 
needing no intervening mechanism. Friedman (1932) injected chorionic gonado- 
trophin into a follicle of a rabbit’s ovary, gauze packing being used to absorb any 
overflow; the formation of a corpus luteuna ensued at the site of injection, 
whereas the other ovary failed to react. When considering this experiment, how- 
ever, it is to be remembered that Boain & Ancel (1909) caused the formation of 
corpora lutea in the rabbit’s ovary merely by puncturing ripe follicles. Zondek 
(1940^) states that the direct injection of gonadotrophin into the ovary^ causes the 
same effect as twice the same dose given intravenously. This ‘experiment also 
might be used to support the opinion that gonadotrophin acts directly on the 
ovary, but it will be prudent to await further confirmation before accepting such 
an opinion without reserve ; for there are many factors which have to be con- 
sidered when ovulation and luteinization are under experimental investigation. 

Marshall & Verney (1936) found that ovulation could be induced in the rabbit 
by faradism applied while the animal was anaesthetized by ether. With one 
electrode in the mouth and the other — a needle — inserted into the nape near the 
foramen magnum, or with one electrode in the rectum and the other in the lumbar 
region, faradism caused ovulation between 17 and 24 hours later. The phy^sical 
conditions were A.C., 30 V., 50 cycles, and the applications in each case lasted 
3 seconds, with a repetition of the dose after an interval of 7 seconds. 

In a later communication, Marshall, Yerney’^Sc Yogt (1939) state that intravenous 
doses of picrotoxin (0*9-1 *i mg. per kg.) brought about o\ailation in rabbits, and 
Emmens (194.0) found that salts of copper or cadmium given in the same \va\^ also 
had this effect. In these experiments, as in those of Marshall & Yemey with 
faradism, ovulation occurred after a longer interval than when induced by mating. 
These observations suggest that the mechanisms in the rabbit which control the 
supply of gonadotrophin by the pituitary to the ovary are easily disturbed. 

Ovogenesis and the jor 7 nation of follicles. The pituitary' has little direct control 
of the production of ova, the formation of which from the germinal epithelium 
is a response to oestrogen (p. 281). The growth of follicles depends on gonado- 
trophin. At the approach of puberty, before the onset of complete cycles, 
successive crops of follicles may undergo partial ripening and then degenerate 
before maturation is complete. At puberty when the full cycles have appeared 
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one or more follicles ripen while many others achieve partial maturation and then 
degenerate. Whether these satellite follicles serve any special function or not their 
degeneration causes a considerable diminution of the number of ova contained 
m the ovaries. The reduction of primordial ova in the human ovary by this 
recurrent process was studied by von Hansemann (1913), who made complete 
serial sections of ovmes and counted the number of ova in every cth section 
the resulting total being then multiplied by 5. The figures he obtained are given 


Age of individual 

6*5 months 

1 year and 3 ’ 

2 years 
8 „ 

10 „ 

^■4 » 

17-18 years 


Total number of ova in ovary 

30,339 

48,808 

46,174 

25,665 

20,863 

16,390 

5,000-7,000 


From these figures it seems that a persistent excess of gonadotrophin by 
causmg superovulgtion would cause an abnormally rapid and irreversible dis- 
appearance or ova from, the ovaries. 

Superomlatim and excessive fecundity. As mentioned above, an abnormal 
number of foUicl^ may be caused to mature at one time by giving pituitary 
gonadotrophm. When such a condition has been mduced, an excessive number 
0 ova may be discharged and find their way into the oviducts. Smith & Engle 
(1927), aAer subjecting mice to implants of pituitary removed from other 
^imals, discovered a high degree of superovulation; they counted as many as 
48 ova m a single oviduct of one mouse, while in another mstance there were i c 
ova in the right and 28 in the left oviduct, or 63 ova in all. 

This effect may be more pronounced in the young. Cole (1937) gave daily 
injections of 12 itu. of pituitary gonadotrophin to adult and immature female rats^ 
This caused in the adults a high percentage of large litters but none of the litters 
was larger than some of those produced by untreated rats of the same age. In the 
results were more striking. Those which became pregnant were 
rath day of gestation and 38 per cent crntSned more 

Pincus (1940) performed the same sort of experiment on rabbits, and found 
that superowilation was caused by an extract of sheep’s pituitaries. In one rabbh 
as many as eighty ova were discharged daring a single period of ovulation 
Pincus found not only that an excessive number of ova were discharged under 
this treatment but that an abnormally large number were fertilizable^ In spite 

hrtle ifTllT T by gonadotrophin, the litters are 

!-l w f *an normal, because many of the surplus embryos die 

Mtoo(Cole, 1937; Evans & Simpson, 1940; Parkes, 1943). 

oefrn ovulation can be induced in sheep during 

oestrus by injecUons of an extract of equine pituitary. If these injections arf 

£Te nexSde 4 days of a normal oestrous cycle, superovulation occurs 

at the next cycle Given at any other time in the cycle the same injections cause 
enlargement of the follicles without ovulation injections cause 
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Allen (1941) has pointed out that the maturation of one ovarian follicle is 
normally accompanied by the rapid growth of numerous other follicles which do 
not attain full maturity. These do not rupture but become atretic and their ova 
degenerate. Apparently the maturation of one follicle requires the partial 
maturation of sev^eral others, which perhaps assist by the production of oestrogen. 
Possibly the superovulation which occurs under the influence of excessive sup- 
plies of gonadotrophin may be due to a ripening of these ancillary follicles. 

Although observations quoted above show that an excessive number of 
fertilizable ova may be produced in response to pituitary extracts, it seems that 
the primary effect of these extracts is upon the follicle, and that the ova are 
affected secondarily. Like spermatozoa (pp. 200, 281), the ova seem influenced 
only indirectly by gonadotrophin. Smith & Engle (1927) say that ova reach 
their full size in rats after hypophysectomy. 

The control of the ovaries hy a gland situated in the head is not confined to the 
vertebrata. Like cross-fertilization it is a principle of wide extent in biology. 
Wigglesworth (1935), experimenting with the bug (Rhodnim frolixm), found 
that if an adult female has been deprived of both brain and corpus allatum she 
does not produce eggs, whereas if the brain is removed without the corpus 
allatum eggs will be produced normally. He showed also that blood from a 
female with a corpus allatum will induce egg formation in a female from which 
this organ has been removed. Weed (1936) obtained the same kind of result with 
grasshoppers [Melancpm differeniialis)^ in which removal of the corpora allata 
prevents development of ova and secretion hy the oviducts. So far as concerns 
their interactions with the gonads, a further likeness between the corpus allatum 
and the pituitary has been demonstrated by Thomsen (1940), using Calliphora 
and Lucilia. If the corpora allata were removed from these flies soon after 
hatching the ovaries failed to become functional. If the ovaries were removed 
the corpus allatum became enlarged, like the pituitary in vertebrata after spaying. 

Observations by Heyl (1939) on the ‘royal jelly’ of the honey bee may be 
mentioned here. This substance is secreted, he says, in the worker bee by the 
supramaxillary gland which opens in the buccal region — as does Rathke’s pouch 
in the embryo vertebrate. Ordinary worker bee grubs are given this food only on 
the first 2 or 3 days after hatching, being fed subsequently on honey and pollen: 
those destined to have fertile ovaries and to become queens receive royal jelly 
throughout larval life. 

The control oj pituitary activity by the ovary. From what has been said already 
the part played hy the pituitary in the maturation of ova and owjlation will be 
more or less clear, and later the influence of the ovarian hormones, oestrogen and 
progestin, in checking the gonadotrophic activity of the pituitary will be made 
manifest (p. 51). However, it is not easy to explain completely by what mechanisms 
all the functional relationships between the pituitary and ovaiy^ are controlled. 
The problem in a general form presented itself to John Hunter (1728-93), who 
wondered what effect the removal of one ovaiy^ might have on the size of litters 
born subsequently. Having removed one ovary from a sow, he kept a record of 
her litters, comparing them with those of a normal sow which was used as a 
control. Each sow farrowed eight times. The mother with one ovary bore seventy- 
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six piglets as compared with eighty-seven borne by the normal sow. This experi- 
ment proved that the production of young is regulated by some mechanism out- 
side the ovary itself. 

The matter was examined experimentally once more by Bond (1906), who 
worked with rabbits. He found that excision of one ovary was followed by en- 
largement of its fellow, which produced approximately the same number of 
corpora lutea as were formed by two normal ovaries. As in Hunter’s experiment, 
removal of one ovary, though it slightly diminished, did not greatly affect the 
number of young which were born afterwards. Carmichael & Marshall (1908) 
repeated these experiments on rabbits and confirmed the results obtained by 
Hunter and Bond. They noted that if one ovary were removed, the other might 
attain the weight of two normal ovaries. If, in addition to removing one ovary 
a part of the other was excised also, the remaining fragment became greatly en- 
larged, the compensatory increase in size being relatively greater the larger the 
amount of ovary removed. The experimental work of Carmichael & Marshall on 
rabbits was repeated and confirmed by Lipschutz, Wagner & Tamm (1922). 
Hatai (19 13 <2) carried out similar observations on rats. In these animals also re- 
moval of one ovary was followed by an enlargement of the remaining ovary to 
about double the normal’ size. Hartman (1925) found that with the opossum 
removal of one ovary did not reduce the total number of ova which ripened. 
Arai (1920&) removed the right ovaries from a number of rats when they were 20 
days old, and killed them when 41, 55, 62 or 69 days old, intact littermates being 
used as controls. The ovaries having been weighed, the number of ova in each 
was counted by means of serial sections. It appeared that the surviving ovary 
might attain more than double the weight of a normal ovary because it contained 
more corpora lutea than each one of a pair of normal ovaries. The so-called com- 
pensatory hypertrophy of the remaining single ovary was accounted for by an 
increased number of maturing and degenerate follicles and corpora lutea. The 
stroma v^'as not obviously increased. The average number of ova in the right 
ovaries removed at 20 days of age was 5,405, compared with 5,207 in the sur- 
viving left ovaries of the same rats at 41 to 69 days of age, and with 5,927 in the 
left ovary of the control rats at the time of death. These figures indicate that com- 
pensatory hypertrophy of the ovary does not include the development of new and 
additional ova. The figures also suggest that the solitary ovary becomes depleted 
of ova more rapidly than is the case with one of a pair of ovaries in the intact rat. 
Arai (i 920 <2) further noted that in non-pregnant rats the percentage of larger-sized 
ova to the total number remains nearly constant. The new formation of ova from 
germinal epithelium diminishes, he says, at puberty, though it may continue until 
the rat is i year old. The maximum number of ova (35,1 00) in the two ovaries was 
present at birth; 23 days later this had declined to a little over r 0,000. After 
ovulation began there was a slow decrease in the number of ova to 2,000 at the 
age of 31 months. 

Asdell (1924) removed one ovary from a number of rabbits and thereafter 
allowed them to breed freely. They were killed on the 20th day of their 4th 
pregnancy, and their single ovary was examined histologically. Asdell confirmed 
the fact that the enlargement of the remaining solitary ovary is caused by the 
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maturatioa of more follicles than ripen in one of a pair of ovaries in the intact 
rabbit. Like his predecessors in this kind of experiment he noticed that the 
average number of young in subsequent litters of the rabbits with a single ovary 
was slightly less than normal. The total number of ova shed as revealed by 
counting the corpora lutea was about the same whether a rabbit had one ovary or 
two; the slightly diminished number of young borne by the mothers with a single 
ovary was attributable, he found, to a higher mortalit}- among the embry^os 
(Table ii). 

Table ii. Fecundity of rabbits after removal of one ovary' (Asdell, 1924) 

(The rabbits were killed on the 20th day of their 4th. pregnancy.) 

Number of Average number Average number Average number 
rabbits of ova shed of live foetuses of dead foetuses 

Unilaterally spayed 12*1 i-6 

Normal controls 11*2 9*5 0-3 

Lipschiitz (1927a), approaching the same problem in a different way, has found 
that the successful grafting of a third ovary into a rabbit does not lead to any 
increase in the total number of ovarian follicles which reach maturity. 

The effect on the oestral cycle of removing one ovary was investigated by 
Papanicolaou (1920), using guinea-pigs. He found that after unilateral spaying 
the length of the cycle was increased only by about i day. Clinical experience has 
proved that in women removal of one ovary causes no obvious change in the 
duration of the menstrual cycle. Van Wageaen & -Morse (1942) say that 
1 2| per cent of the total amount of ovarian tissue is enough to sustain normal 
menstrual cycles in the Rhesus monkey. 

Studying the factors which control egg-laying. Pearl (1912) counted the oocytes 
visible to the naked eye in different fowls. As he explained, this method only gives 
minimum values, but there cannot be fewer oocytes present than those counted. 
The total visible oocytes present in different fowls varied from 914 to 3,605 ; and 
the total number of eggs which had been laid by the different birds varied from 
2 to 198. The numbers of oocytes present in the birds at these two extremes of 
egg-laying were 2,145 and 2,452 respectively. His observations prove that in the 
fowl, as in the pig, rabbit and rat, fecundity is not in normal circumstances regu- 
lated merely by the ovaty^ 

An experiment performed by Pearl & Schoppe (1921) is of special interest in 
connection with the present subject. They removed between one-half and five- 
sixths of the ovary in eight fowls, fixed the excised fragments and counted the 

Table 12. The formation of visible oocytes in the remains of the partially re- 
sected fowl’s ovary compared with that in the ovary of a normal fowl (Pearl & 
Schoppe, 1921) 

Condition Number of hens Total visible oocytes 

Ovary partly resected 2,38 1 ± 143 

Normal controls t,793± 79 

visible oocytes contained in them. At death after periods of between 6 and 37 
months the oocytes in the regenerated remains of the ovary were counted. The 
number of visible oocytes produced by normal fowls of the same breed were also 
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ascertained, and it was found that partial resection of the ovar^ had resulted in an 
increased formation of oocytes attaining visible dimensions, instead of a decrease 
as might have been expected (Table 12). 

A supplementary experiment was carried out by Steggerda (1928) on pullets 
4 months old. From some of these, portions of the ovary varying from a quarter 
to two-thirds of the whole were removed. In others the ovary was mutilated by 
a sharp hook or steel brush. In control pullets the ovary was exposed but not 
injured. The number of eggs laid by each fowl in the ensuing year was recorded 
and it was found that the ovarian mutilation had hardly affected the result, the 
egg-laying average being 167-4 anaong the hens with injured ovaries and 179-5 
among those whose ovaries were intact. 

One might be tempted to explain some of the facts just quoted by supposing 
that gonadotrophin is used up in the process of stimulating the ovary so that if 
only half the proper amount of ovarian tissue is present twice the normal amount 
of available gonadotrophin will be available for it. Selye (1940 <2) has obtained 
experimental results which he believes controvert this explanation. He removed 
the pituitaries from twenty female rats when they were 4 weeks old, and from ten • 
of them he removed one ovary at the same time. Immediately afterwards treat- 
ment with gonadotrophin was begun, daily doses of i r.u. of FRH and i r.u. of 
LH being given to one pair, daily doses of 2, 3, 4 and so on up to 10 r.u. being 
given to the other pairs. When the rats were killed Selye found that no such 
hypertrophy of the solitary ovaries had occurred, as might be expected if the 
available gonadotrophin were consumed in the process of ovarian stimulation. 
With increased concentrations of available gonadotrophin the weights of the 
ovaries were increased uniformly (Table 13). 


Table 13. The effects of gonadotrophin on ovaries of non-spayed and 
half-spayed hypophysectomized rats (Selye, I940^z) 

Rat units of FRH Half of the weight of the two Weight of the single ovary 

and LH injected ovaries of the non-spayed rats in the half-spayed rats 

mg. mg. 


1 

2 

3 

4 

5 

6 

7 

8 

9 


7 

7 

75 

12 

12 

13 

17 

18 


10 


22*5 


22 


The effects of partial gonadectoray on the mutual relationship between the 
pituitary and ovarian functions will be referred to once again on a later page from 
a somewhat different aspect. The effects of the ovarian hormones, oestrogen and 
progestin, on the gonadotrophic potency and histological conditions of the 
pituitary also will be discussed later (pp. 51, 57, 404). 

The control by the pituitary of the output of oestrogen from the ovary. The 
formation of oestrogen by the ovary is mainly the consequence of follicular 
maturation induced by gonadotrophin, and so the pituitary controls the production 
of ovarian oestrogen, the supply of which represents a speedy reaction. Pels (X930) 
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injected rats with, gonadotrophin and removed their ovaries at varying intervals 
afterwards. In this way he learned that if the spaying were done within 38 hours 
of the injection no cornification of the vagina occurred; if the ovaries were re- 
moved later than 30 J hours after the injection, cornification of the vagina ensued, 
showing that oestrogen had been produced in effective amount. Zondek (1940 c) 
repeated these experiments on rats and obtained approximately the same results. 

Ovarian cysts. Apart from its influence on fecundity, a long-continued im- 
balance between the hormonal activities of the intact ovary and pituitary may be 
productive of pathological lesions. An excess of oestrogen on the one hand leads 
to the development of pituitary tumours, and on the other a relative excess of 
gonadotrophin may cause ovarian cysts. Lipschiitz (1935 <3) removed one ovary 
and a large fraction of the other ovary from guinea-pigs and rabbits and found 
that cysts occasionally formed in. tire enlarged remnant of the ovary. The 
primary follicles in such cases, he says, may be completely used up prematurely 
as regards the duration of the animars life. Lipschiitz (1937 <3, b) ohserv^'ed 
ovarian follicular cysts in the cat also after partial spaying. He believes that the 
gonadal and generative rhythm is governed by a law of ‘ Constance folliculaire’ 
which is fixed for each species by the concurrence of ovarian and extraovarian 
factors, and he accounts for the cysts by a prolongation of the follicular phase, 
the luteal phase being deficient or absent. Wang & Guttmacher (1927) caused 
similar follicular cysts in the rat’s ovary by severe ovarian trauma. Smith & Engle 
(1927) found that the continued implantation of pituitary tissue into rats also led 
to the formation of follicular cysts, and Fluhmann (1933) obtained the same result 
in rats both with a pituitary extract and with a gonadotrophic preparation of 
human pregnancy serum. Hill & Parkes (1931 ) have reported the development of 
ovarian cysts in ferrets under continued treatment with gonadotrophin. Smith 
& Engle (1927), like Lipschiitz, attribute the formation of these ovarian cysts to 
a disproportion between the available amounts of gonadotrophin and of reactive 
ovarian tissue. Witschi & Levine (1934) noted that, in female rats living in para- 
biosis with castrated males and thus supplied with an excess of FRH, luteinization 
is deficient and many of the follicles become cystic. 

The experiments just quoted show that follicular cysts may be produced in the 
ovary either by a deficiency of ovarian substance or by an excess or irregular 
supply of gonadotrophin. 

Ovarian cysts have been recorded by Cushing & Davidoff (1927) in cases of 
acromegaly. 

The Action of Gonadotrophins on the Testis 

The gonadotrophins, though possibly not quite identical in the two sexes, are not 
sex-specific ; they regulate the functions of the testis as well as those of the ovary. 

Hypophysectomy is followed by an arrest of testicular function and a reversion 
of the testis to the infantile state ; and these effects can be prevented or repaired 
to some extent by the injection of pituitary gland or extracts made therefrom. 
This domination of the testicle by the pituitary is limited, and an increase of the 
supply of gonadotrophin much above the normal does not produce a corre- 
sponding increase of testicular growth or activity. Removal of one testis may be 
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follo\red by enlargement of its fellow. Lipschiitz (igzz) excised one testis from 
each of a number of guinea-pigs with the result that the remaining testis became 
almost double the normal size. This enlargement is a response to gonadotrophin 
and represents the swelling of increased activity rather than the acquisition of 
additional tissue. 

The male gonad in one respect differs from the ovary in its response to partial 
gonadectomy ; for the excision of part of a testicle is not followed by great enlarge- 
ment of the surviving fragment. No equivalent to ripening of follicles occurs in 
the testis to cause in the organ such large variations in size as take place in the 
ovary. Evidence has been adduced (Smelser, 1933) that unilateral castration is 
followed by an increased functional activity of the remaining testis so that 
spermatogenesis is little if at all impaired, a result which might be regarded as the 
analogy of that which follows unilateral spaying. Edwards (1940) has tested the 
effects of unilateral castration in rabbits and concludes that no increase of 
spermatogenesis occurs in- a testis after excision of its fellow. To the author the 
experiments which Edwards carried out seem to have proved rather that when 
artificially taxed to their full capacity two testes will produce more spermatozoa 
than one, which is another matter. 

The stimulating effect of gonadotrophin on the size and functional activity of 
the testes has been shown by numerous experiments. Smith (1926a) made daily 
transplants of rat pituitaries into male rats, beginning on the 14th day of life. This 
treatment caused considerable increase in the size of the testes as compared with 
those of littermate controls (Table 14). 

Table 14. The effect of repeated transplants of pituitary on the testes 
of immature rats (Smith, 1926a) 



Bodyweight 

Weight of testes 

Weight of accessory 
genital organs 

Age at death 


(g.) 

(mg.) 

(mg.) 

(days) 

Treated 

44 

254 

480 

24 

Control 

43 

240 

249 

24 

Treated 

74 

603 

916 

31 

Control 

69 

339 

409 

31 


Engle (19326) treated immature rats with extracts (a) of sheep’s pituitary and 
(6) of pregnancy urine. Both these preparations caused an increase in the weight 
of the testes as compared with controls, the pituitary being the more effective, 
producing testes nearly double the weight of those in the control rats. The 
tubules were larger in diameter than those of the controls. Neither spermatids 
nor spermatozoa appeared earlier than in the controls, the most striking change in 
the testes being a large increase in interstitial glandular tissue with advanced 
development of the accessory genitalia as a secondary consequence. Similar 
results were obtained in monkeys [Macactis). 

Experiments by Smith & Leonard (1933, 1934) have shown that some at least 
of the effects of hypophysectomy may be counteracted by gonadotrophin. In 
mature hypophysectomized rats spermatogenesis could be maintained by 
gonadotrophin if the injections were started at the time of the operation; even 
fertile mating occurred in these circumstances. If the pituitaries had been re- 
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moved from immature rats when they were between 31 and 34 days old, tabular 
development and spermatid formation were induced by gonadotrophin, but 
spermatozoa were not formed. 

By giving gonadotrophin to adults of species which breed only at certain seasons 
the testes may be aroused into activity at a time when in normal circumstances 
they are at rest. Moore, Simmons, Wells, Zalesky & Nelson (1934) found that in 
the ground squirrel (Ciiellns tridecimlirieatus) as soon as the mating season is over 
the testes recede into the abdomen and spermatogenesis ceases for the remainder 
of the. year. If, however, one of these squirrels be given injections of gonado- 
trophin the testes will descend into the scrotum and spermatogenesis will be 
caused at any season. Moore and his colleagues removed the pituitary glands 
from a number of these squirrels at different times of the year, and by implanting 
the pituitaries into test animals they found that their gonadotrophic potency 
varied with the seasons, being high at the approach of the breeding period and not 
detectable during the months of sexual quietude. Baker & Johnson (1936) made 
complementary observations in the ground squirrel using gonadotrophin pre- 
pared from human pregnancy urine. Enlargement and partial descent of the 
testes occurred in ten and complete descent in two of the twelve squirrels, all of 
which were sexually inactive when the experiment began ; the seminal tubules 
became enlarged and acquired lumina, and spermatogenesis was present in four; 
the testes were increased twofold or threefold in weight and the accessory genital 
organs, including the prostate, seminal vesicle and Cowper’s gland, were enlarged 
and secreting. Courrier & Gros (1934) made the same sort of observations on the 
alpine marmot (Marmota marmota). When this animal is hibernating the testes 
are small and situated in the abdomen. At this period, after excision of one testis 
and epididymis, daily injections of chorionic gonadotrophin were given. Under 
such treatment the testes enlarged and the interstitial cells became swollen and 
contained granules which were stained by fuchsin and osmic acid. The accessory 
genital structures were hypertrophied. 

In some species precocious sexual maturity can be induced in the male as in 
the female by gonadotrophin. Burns & Buyse (1934) gave extracts of sheep’s 
pituitary to immature salamanders with the result that their testes increased five- 
fold in size and began to produce spermatozoa. Wells & Moore (1936) used the 
ground squirrel. The young of this animal, they say, are bom in May and June, 
and first produce spermatozoa in January of the following year. By administering 
to immature squirrels fresh pituitary substance or gonadotrophic extracts pre- 
pared from the serum of pregnant mares or from the urine of pregnant women 
they induced spermatogenesis in August, September, October and November. 
Korenchevsky, Dennison & Simpson (1935) caused precocious sexual develop- 
ment in young male rats by gonadotrophic extracts prepared from pregnancy 
urine. They suggest that young male rats 22 to 25 days old might be used for the 
assay of gonadotrophin, the indices being enlargement of the prostate and seminal 
vesicles. 

Price (1936) implanted pituitaries into immature rats with the result that the 
testes doubled in weight, the tubules became enlarged, and, although no obvious 
increase of interstitial tissue was observed, the endocrine functions of the testis 
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were stimulated as shown by increased development and secretory activity of the 
prostate and seminal vesicles. 

Descent of the testes. In some of the experiments quoted above the administra- 
tion of gonadotrophin caused descent of the testes into the scrotum at a season of 
the year when they would in normal circumstances have remained in the abdomen. 
Clinically, gonadotrophin is much in use to induce testicular descent in boys 
whose testes have imperfectly descended. Such- treatment is sometimes suc- 
cessful, especially in those cases in which the failure of the testes to desctod is 
associated with other definite signs of hypogonadism. Controlled experimenta- 
tion is difficult in this field because only in some of the primates, e.g. chimpan2ee 
and man, have the testes descended permanently into the scrotum at birth. In the 
macaque the testes are in the scrotum at birth, soon after which they return to the 
abdomen or upper end of the inguinal canal and remain there until puberty, which 
occurs between the 3rd and 5th years (Wislocki, 1933), when they descend 
permanently. In this monkey they can be induced to descend prematurely by the 
administration of gonadotrophin (Engle, 19326). 

Differential actions ofFRH and LH on the testis. A difference has been recorded 
between the actions on the testes of extracts made from the pituitary and those 
made from the urine of pregnant women. The former, which are rich in FRH, 
appear to act mainly on the spermatogenic epithelium, the latter, rich in LH, act 
principally on the interstitial tissue and through it upon the accessory genital 
organs. 

Bourg (19306) gave ten daily injections of pregnancy urine to rats, with the 
result that the testes were enlarged together with the accessory organs, including 
the prostate, seminal vesicles, preputial glands, epididymis and vas deferens. The 
interstitial cells were swollen with abundant cytoplasm loaded with lipoid 
granules. The seminal tubules were unaffected. 

Leonard (1933 c) noticed that injections of LH into non-castrated rats led to an 
increase in the size of the accessory sexual glands, including the seminal vesicle 
and prostate, a fact which points to an enhanced output of androgens by the 
interstitial glandular cells of the testis. Smith, Engle & Tyndale (1934) prepared 
extracts (i ) rich in FRH from the urine of women who were past the menopause 
or had undergone gonadectomy, and (2) rich in LH from the urine of pregnant 
women ; and they compared the effects of these two preparations when injected 
into male rats whose pituitaries had been removed. The results were definite. 
FRH caused proliferation and maturation of the seminal epithelium without an 
accompanying increase of the interstitial glandular tissue or any stimulation of the 
prostate and other accessory genital organs. The LH preparation caused an in- 
crease of the interstitial glandular cells of the testis and a consequent develop- 
ment of the accessory genital organs. A combination of FRH and LH caused 
more spermatogenesis than FRH alone, and there was some response of the inter- 
stitial cells with enlargement of the accessory genitalia though this response was 
less than that which followed the administration of LH alone. Kuschinsky & 
Tang-sii (1935) gave from 25 to 50 r.u. of LH to male rats 6 td 8 days old, and 
continued the injections daily for 7 to 10 days. This treatment caused an increase 
of the interstitial glandular tissue but not of the seminiferous tubules ; and there 
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was a great ealargemeat of tke semiaal vesicles which showed that the iacreased 
iaterstitial tissue was functionally active. Yan Os (1936) and Creep, Fevold & 
Hisaw (1936) obtained results which coafirm the foregoing. Brenemaa (1936) 
also, administering FRH or LH to chicks 5 to 15 days old, observ’ed similar 
effects; FRH caused hypertrophy of the seminal tubules and LH led to an in- 
crease of interstitial tissue. 

Collip (193s) used hypophysectomized rats and found that extracts rich in 
FRH from the urine of castrates or women after the menopause caused prolifera- 
tion of the seminal epithelium and sperm-cell production but had no obvious 
effect on the interstitial cells, whereas an extract of pregnancy urine rich in LH 
caused an increase in the size and number of the interstitial cells vHthout affecting 
the seminal epithelium. 

T 0 elicit by experiment the different reactions of the testis to LH and FRH it is 
advisable to use either very young animals or animals which have been deprived 
of their pituitaries. McCahey, Soloway & Hansen (1936) reported that when 
adult male rats, one of which had been castrated, w'ere placed in symbiosis, the 
excess of FRH derived from the castrated rat induced not only an increased 
spermatogenesis but caused also an increase in the. size and number of the inter- 
stitial glandular cells with enlargement of the accessory genital organs. 

The observations quoted above suggest that the pituitary and chorionic 
gonadotrophins are not identical compounds. They also seem to show that 
gonadotrophin prepared from the placenta or the urine requires the co-operation 
of the pituitary gland to acquire full biological potency. While the pituitar}^ pro- 
duct may at one time consist chiefly of FRH and at another of LH, the placental 
product apparently is composed almost, if not entirely, of LH. 

The Interstitial Cell-Stimulating Hormone (ICSH) 

Evans, Aiuipson & Pencharz (r 937 ; see also Evans, Simpson, Tolksdorf & Jensen, 
1939, and Simpson, Li & Evans, 1942) have described a procedure for separating 
the gonadotrophic factors of the sheep's pituitary, and by this method they have 
extracted a hormone wLich they state is a specific interstitial cell-stimulating 
hormone (ICSH) which acts upon both the ovary and testis and is distinct from 
LH. Given to normal immature female rats ICSH does not cause precocious 
sexual maturity, nor ripening of ovarian follicles, nor luteinization. Given to 
hypophysectomized adult female rats it causes repair of the interstitial ovarian 
tissue. In hypophysectomized male rats, ICSH causes repair of interstitial 
glandular cells with secondary development of the seminal v^esicles, prostate and 
other accesso'ry organs. This action apparently is enhanced by the addition 
of FRH. 

Creep, Tan Dyke & Chow (1941) also have isolated from the pituitar}’ an 
interstitial cell stimulating hormone (ICSH). They say it is a homogeneous protein 
which stimulates the interstitial tissue of the testis and ovar^^ ^ 

A warning may not be out of place while the effects of various agents on the 
testis are under consideration- Safe conclusions can hardly be made on such 
matters unless the location of the testis be observ^ed throughout the experiment; 
otherwise effects which are the consequence of cryptor chidism or the descent of 
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tlie testis into the scrotum may be wrongly attributed to a direct action on the 
gonad of whatever substance is being tested. Crew (19^3) suggested that the in- 
creased temperature within the abdomen might account for the aspermia of the 
undescended testis, and his hypothesis was confirmed by the well-known experi- 
ments of Moore (1934). Obviously it is essential when considering the action of 
a hormone on the seminal epithelium to recognize the location of the testis 
throughout the experiment. 

Puberty and the Awakening of Sexual Activity 

When an animal has reached puberty, that is to say has become well enough 
developed to produce ofepring, it does not always exercise this function at once. 
To arouse the reproductive faculty external stimuli are required, the nature of 
which varies widely with different species. Much thought has been given to the 
factors that govern seasonal breeding in domestic animals, for the problem is of 
economical as well as academic interest and has practical implications both for 
the farmer and the public. In animals which have a well-marked and limited 
annual breeding season, as John Hunter saw% the variations in size and appearance 
of the gonads and accessory genital organs at different times of the year are 
remarkable. Rowlands (1936) states that in the bank vole (Evctmys glareolus) the 
testes, which in the summer have a mean weight of 682 mg., shrink in the winter 
to less than 40 mg. Other striking contrasts could be mentioned. 

Both in seasonal breeders and in those animals which retain the reproductive 
capacity throughout the year, the gonads after puberty can be aroused into action 
at any time by the administration of gonadotrophin. A temporary or seasonal 
abeyance of reproductive activity after puberty may therefore be attributed to a 
diminished output of this hormone from the pituitary. Moore, Simmons, Wells, 
Zalesky Sc Nelson (1934) used the ground squirrel {Citellus tridecimlineatus) for a 
study of the problem. They found that both the male and female have little if any 
detectable amount of gonadotrophin in their pituitaries during the long part of 
the year during which their reproductive capacities are at rest. On the approach 
of the breeding season the pituitary increases in weight and produces gonado- 
trophin abundantly. At any time during the quiet period the dormant repro- 
ductive organs can be stirred into activity by giving gonadotrophin (Wells, 1935). 
We may conclude that the breeding and non-breeding seasons are largely de- 
pendent on the quantity of gonadotrophin produced by the pars anterior of the 
pituitary gland. The subject is complex and the various species show wide dif- 
ferences in their responses to the same stimuli; nevertheless the vertebrates have 
this in common that whatever the natural agencies may be which evoke sexual 
behaviour at the appropriate time, they act through the medium of the anterior 
lobe of the pituitary gland by stimulating it to produce gonadotrophin. 

Relationships between puberty and ovulation. The deciding event which de- 
termines puberty in the female may be regarded as maturation of ova. It does not 
follow that when this stage of development has been reached ovulation, that is to 
say rupture of the follicles with release of ova, will occur at once. In girls, for 
example, the onset of puberty is a gradual affair which begins with anovulatory 
cycles. During adult life in some species, including the dog, monkey and man. 
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ovulation normally follows maturation without the necessity of any extraneous 
sexual stimulus acting upon the pituitary. In other species, for example^the rabbit 
and ferret, even in adult life, maturation of ova is followed by oxmlation only under 
the influence of some additional sexual excitation, the nature of which varies with 
circumstances. Mating and suckling are two common ones, either of which is 
followed by ovulation and the formation of corpora lutea. In the rabbit, if mature 
follicles are present, ovulation followed by pseudopregnancy can be induced by 
faradic stimulation of the cervix uteri or even by placing a healthy adult male in 
an adjoining cage. The experimental basis of these remarks will be mentioned 
later in connection with the development of corpora lutea and need no further 
comment here except to say that whatever the excitant of ovulation may be it acts 
by stimulating the pituitary to increase its output of gonadotrophin (LH). These 
principles cover a wide field and are applicable not only to primates and other 
mammals, but also to birds, reptiles, amphibia and fishes. 

A plentiful supply of gonadotrophin is not, however, the only factor necessary 
to arouse the reproductive faculties; the gonads must be able to respond to the 
gonadotrophic stimulation, which they cannot do until a certain stage of develop- 
ment has been reached. In vertebrates the activity of the reproductive organs will 
depend on (i) the ability of the gonads to respond to gonadotrophin and (2) the 
output of sufficient gonadotrophin by the pituitary : the predominant factor after 
puberty being the available quantity of gonadotrophin. 

Precocious puberty. The train of events leading to reproductive maturity is 
not yet fully understood. In mankind the onset of puberty happens occasionally 
during early childhood, so that menstruation, enlargement of the mammae and 
growth of pubic hair may occur in an infant aged only two or three years, the 
phenomena being accompanied by enlargement and functional activity of the 
ovaries (Novak, 3944). Rarely the condition is associated with a tumour of the 
ovary, but more commonly it seems due to a prematurely abundant supply of 
gonadotrophin, the cause of which remains unknown. 

Circumstances affecting the responsiveness of the gonads to gonadotrophin 
will be discussed later, and we shall now consider some of the various influences 
by which the output of gonadotrophin from the pituitary is controlled. 



Chapter 11. Factors which Influence the Gonadotrophic Activity 

of the Pituitary 

Age. Ajfferent ner\"ous stimuli. Changes of external temperature. Seasons. Oestrous cycle. 
Pregnancy. Gonadectomy. Partial gonadectomy, cryptorchidism and sterilization by X-rays. 
Gonadal hormones. Gonadotrophins. Sex. Nutrition. 

The pituitary by its power to supply trophias to the goaads is the mainspring 
of reproductive activity, and it may be of interest to consider some of the 
circumstances which affect this gonadotrophic function. 

Age 

The pituitary may produce some gonadotrophin at an early stage of existence. 
Smith 6c Dortzbach (1929) implanted pituitaries from foetal pigs into immature 
female mice. With the pituitaries of foetal pigs having a crown-rump length of 14 to 
15 cm., no response was obtained ; those from embryos measuring 18 cm. or more 
gave a positive result, namely follicular maturation, distension of the uterus and 
opening of the vagina. The gonadotrophic content of the foetal pig’s pituitary, as 
indicated by these experiments, increased rapidly after the foetus had attained a 
length of 20 cm. 

Hellbaum (1935) made comparative tests of the gonadotrophic potencies of 
pituitaries taken from foetal, immature and adult horses, and from mares and 
geldings. Positive tests were given by the pituitaries of foetal and immature 
horses, though the effect was less than that produced by the pituitaries of adults 
when given in equal quantity. Smith & Engle (1927) showed that infantile rats 
betAveen 5 and 30 days after birth produced some gonadotrophin, for their 
pituitaries, when implanted into 17-day-old mice at the rate of two to six pitui- 
taries daily, caused opening of the vagina and other signs of precocious maturity ; 
and Clark (1935) by similar methods found that a sharp rise in the gonadotrophic 
potency of the rat’s pituitary occurred between the 13th and 20th day of postnatal 
life. Wolfe k Cleveland (1931) tested the capacity of anterior pituitary extracts 
prepared from immature and mature rabbits to induce ovulation in sexually 
mature rabbits. The extracts were injected into the marginal ear vein of the test 
animal, whose ovaries were examined 24 hours later. Using amounts of extract 
which represented equal weights of pituitary gland, they found that the pituitaries 
of rabbits aged from 10 to 14 weeks were as potent, or nearly so, as those of 
adults. On the other hand the pituitaries of rabbits 4 or 5 weeks old, given in 
comparable doses, always failed to cause ovulation. 

Bergman & Turner (1942) also investigated the gonadotrophic potency of the 
rabbit’s pituitary at different ages, by implanting the pituitaries into baby chicks 
and noting the changes induced in their gonads. By such means they found a small 
potency in the pituitaries of very young rabbits. After a bodyweight of 1,000 g. 
had been acquired the gonadotrophic potency gradually rose, its maximum being 
attained when the bodyweight reached 1,500 g. in the females and between 2,000 
and 2,500 g. in the males. 
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Kallas (1929^) placed immature female rats weighing 15 to 20 g. in parabiosis, 
one of each pair having previously been spayed ; this led to precocious pubert}’ in 
the non-spayed partner, from which he concluded that the pituitar\^ of the in- 
fantile rat is already able to produce gonadotrophin and that the ovar\’ can react 
to it by maturation of follicles. Alartins (1931) carried out a similar procedure 
with the same result, namely precocious puberty in the non-spayed partner 
within 6 or 7 days of the operation. 

The influence of age on the output of gonadotrophin in man has been the sub- 
ject of several investigations, which show that before puberty there is some forma- 
tion of gonadotrophin the amount of which is increased during the period of 
sexual activity and may rise still further after the end of this period. Osterreicher 
(1933) tested the urines of a large number of women who were over 50 years old 
for gonadotrophin and obtained positive reactions in more than 50 per cent (p. 5). 
As will appear, the nature of the gonadotrophin produced by women in old age 
is not the same as that of younger individuals, for it consists almost exclusively 
of FRH. 

Katzman Doisy (1934) tested on infantile mice the urine from individuals of 
various ages. They state that in boys and girls before puberty the amount of 
gonadotrophin excreted is very small, and that it increases considerably at 
puberty. They found that urine from women after the menopause gives an FRH 
response alone, causing maturation of follicles without the appearance of corpora 
lutea or blood spots. On the other hand the urine from sexually active women 
usually contains a large but variable proportion of LH. Pedersen -Bjergaard 
(1936) estimated the excretion of gonadotrophin in normal sexually mature 
women and in children. The women's urine was taken during the intermenstrual 
period, and it was found to contain at least 7 times as much gonadotrophin in a 
litre as the urine of children of 9 years. 

Henderson &: Rowlands (1938) assayed 100 human pituitaries from subjects of 
various ages for gonadotrophic (FRH) activity. They dried the pituitaries in acetone 
for 48 hours and after desiccation made suspensions of the powdered product in 
slightly alkaline water. For comparison a standard preparation was made in a 
similar way from the pituitaries of nine men and five women aged 50 to 65 years. 
The preparations were tested on immature rats, weighing between 40 and 50 g., 
which were injected daily for 5 days and killed 24 hours after the last injection. 
The amount of each pituitary required to give a significant response in the rats, 
as measured by the weights of their ovaries, was then compared with the amount 
of the standard preparation necessary to give the same response. The results w'ere 
as follows. During early childhood the gonadotrophic potency of the human 
pituitary is slight ; it increases slowly until the end of sexual activity. In women 
at the menopause and in men between the ages of 60 and 70 there is a sudden rise 
of gonadotrophic (FRH) potency, as measured by the w'eight of the ovaries in the 
test animals. 

In addition to the quantitative differences in the output of gonadotrophins 
which accompany the various stages of life there are, as already indicated, 
qualitative differences. Soeken (1932) assayed the urine of a number of children 
and found that the small amount of gonadotrophin excreted by them consisted 
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entirely or almost entirely of FRH ; and in men of advanced years, as with women 
after the menopause, there is not only an increased total output of gonadotrophin 
but the latter consists almost entirely of FRH (Fluhmann, 1931). Perhaps the 
absence of LH in all these circumstances is attributable to the lack of some 
substance derived from the ovary or testicle. 

Afferent Stimuli acting through the Central Nervous System 

Although the transmission of stimuli from the hypothalamus to the pituitary is, 
in part at least, humeral, the nervous connections between the hypothalamus and 
the sensory organs of the body certainly are essential for the complete co- 
operation of the pituitary with the reproductive organs. Sight, hearing, smell, 
cutaneous sensations, and it may be other feelings, conveyed by direct nervous 
pathways or through the less direct psychological circuits of the brain, may have 
pronounced effects on the gonadotrophic activity of the pituitary. The matri- 
monial plumage of male birds and its display, their songs, their performances on 
the wing, are love spells; so too are the antics of the male hare in spring, the 
sexual adornments of the newt and stickleback, and the perfume emitted from 
glands specialized for the purpose in some of the mammals. These and other 
natural contrivances arouse and focus the awakening sexual powers at adolescence 
or the return of the breeding season. Nor is the impulse to secure and stimulate 
sexual attention confined to the male sex. The female too has her attractive ways, 
albeit these are often of a more subtle and less ostentatious kind than those Used 
by the male. 

The efficacy of the various kinds of sexual appeal differs widely among dif- 
ferent species. The subject cannot well be discussed comprehensively because 
most of our knowledge concerning it has not yet been submitted to critical in- 
vestigation in the laboratory, where visual impulses seem to have been the only 
afferent stimuli to have received an adequate and detailed study. When we con- 
sider the great part played by the olfactory sense in the life and conduct of many 
animals it seems certain that odours must be regarded as important agents in 
stimulating the reproductive faculties. Sound also plays a part. Who can doubt 
that the voice of the male bird is used, not only as a challenge to rivals, but as an 
appeal to the sexual sensibilities of his intended or acquired mate? As to cutaneous 
sensations, the habit of caressing is clearly a natural part of love making with 
many species. 

The following discussion will be directed mainly to the effect of visual im- 
pulses. These may act on the pituitary simply in the form of light, or in a more 
complicated manner through the psychological apparatus of the brain. 

(a) Light. A longer exposure to daylight comes naturally to the mind when 
we try to explain why in seasonal breeders the dormant reproductive faculties so 
commonly awake in the spring. To investigate the matter Rowan (1925, 1929) 
trapped North American migratory sparrows {Junco hyemalis), and keeping some 
of them in out-door unheated aviaries he examined their gonads at different 
dates. He learned that in normal circumstances the testes of these birds vary in 
length from 0-5 mm. in midwinter to 6-4 mm. in May. Some of the Juncos he 
kept in the open-air aviaries from September onward, exposing them daily to the 
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ligkt of 50-watt electric lamps. The duration of this artificial lighting was in- 
creased 5 minutes each successive day to imitate the lengthening days of spring. 
The birds remained in good condition and individuals were killed from time to 
time; by the end of December their testes had become much enlarged. Any in- 
creased temperature from the electric lamps had been excluded by the conditions 
of the experiment, and it seemed at first that the unseasonable development of the 
gonads must be attributed to the increased exposure to visible light. Rowan, 
however, thought that the abnormal condition of the gonads might in part be the 
consequence of the greater bodily activity and reduced hours of sleep during the 
artificially prolonged period of daylight. 

In London, Rowan (1937, 1938) noticed starlings roosting on public buildings, 
and it seemed to him that the feeble light falling on them at most of their roosts 
must be far below the intensity shown by various investigators to be effective in 
causing activity in the gonads of birds. Most of these starlings were roosting over 
main traffic routes and were being sufficiently disturbed, Rowan thought, by the 
tumult below to be kept awake through much of the night. Early in February he 
secured specimens of these city starlings and compared their gonads with those 
of starlings obtained one week later from the country; and he found that the 
testes and ovaries of the London birds were considerably larger than those of 
their relatives from the country (Table 15). 

Table 15. Size of testes in starlings roosting in London and in the 
country (Rowan, 1937, 1938) 

Average 

Number weight of Average IMaxinmm. Xiininium 

of testes dimensions dimensions dimensions 

birds Date (mg*) (mm.) (nim.) (mm.) 

London starlings 12 10 Feb. 202 7*33 X5'0 17*8 x 9-8 4.-8x3*8 

Country starlings 15 17 Feb. 26 3*23x2-2 4-8 x 3*0 i-8xi*4 

Bissonette (1930^,6, 1931) observed the influence of light and exercise on 
spermatogenesis in the starling, and found that increased exposure to light stimu- 
lated testicular activity but that increased exercise and wakefulness did not have 
this effect, and he noticed further that the influence of light on spermatogenesis 
in these birds depended not so much upon its exact intensity as upon its relative 
intensity compared with that to which they had been previously exposed. 

Bullough & Garrick (1939) suggest that country^ starlings may not be good 
controls to those caught in London. Between ii and 21 March starlings collected 
from a residential quarter of Leeds had large fully developed testes. Starlings 
from a country plantation at the same time were immature with small testes. 
Bullough & Garrick think that the latter birds were perhaps continental migrants. 

Kirschbaum (1933 ; Kirschbaum & Ringoen, 1936) found that increased hours 
of illumination caused premature enlargement of the testes and spermatogenesis 
in the house sparrow {Passer domesticiis). On the other hand, reduction of the 
hours of illumination in the spring, though affecting the testes, did not entirely 
prevent spermatogenesis ; from Avhich they conclude that increased illumination 
is not the only factor concerned in the awakening of the sparrows’ reproductive 
faculties in the spring. 
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Benoit (1935 &, 1938 b) learnt that exposure of immature ducks to artificial 

white light stimulated the development of their gonads, and that this effect was 
produced even after division of the optic nerves or removal of the eyes, but not 
after hypophysectomy. Benoit showed, by implanting them into immature 
female mice, that the gonadotrophic potency of the ducks’ pituitaries had been 
enhanced by the additional illumination (Table 16). 

Table 16. The effect of illumination on the gonadotrophic potency of the 
duck’s pituitary as tested on immature mice (Benoit, 1935^2) 

Number of Average weight of uterus 
Treatment of mice mice aad vagina (mg.) 

None '5 8‘5 

Two pituitary implants from non-illuminated ducks 10 iz 

Two pituitary implants from illuminated ducks 10 48-^5 

By exposing immature ducks to light filtered through coloured screens Benoit 
& Ott (1938) found the maximum effect was obtained with orange-red screens. 
Blue rays had a negligible influence (Table 17). 

Taele 17. Gonadal development in immature ducks exposed to 
visible light of various wave-lengths (Benoit & Ott, 1938) 

Average weight of testes 


Screen (g.) 

Blue (Coming, 556) 4-82^ 

Green. ^ 20*36 

Yellow (Corning, 348, 440) 44*36 

Orange (Coming, 246, 428) 63*86 

Red 63*58 

Red li^t (Coming, 348, 585) 8*98 

Near infra-red (Corning, 254) 2*13 

Untreated controls 2*87 


Benoit (1938(3) discovered that by removing the contents of one orbit and 
irradiating the pituitary through the intervening thin osseous wall the same 
enhanced development of the gonads could be brought about. Further, by using 
a quartz rod to conduct light to the pituitary itself, it was shown that the blue 
rays were as effective as the red in stimulating the pituitary; rays of a greater 
length than 8,500 A. had little or no such effect. 

There is evidence, besides that adduced by Benoit, that intact visual pathways 
are not essential in birds for the enhancement of gonadotrophic activity under the 
influence of light. 

Parhon & Coban (1935) in midwinter blinded five drakes. The birds were 
killed together with a control on the following dates: one on 22 February, another 
on 3 March, and the remaining three on 7 March. As shown in Table 18 the 
testes of the blind drakes were larger than those of the normal controls. 

Table 18. Weights at death of testes of blinded drakes compared with 
those of normal controls (Parhon & Coban, 1 935) 

Weights of testes Weights of birds 


Lightest 

Heaviest 

Average 

Lightest 

Heaviest 

(g.) 

(g.) 

(g.) 

(g-) 

(g.) 

13*5 

35 

24'5 

1,289 

1,500 

5*5 

19 

12*9 

L 297 

1,822 


Blinded drakes 
Normal control drakes 
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Ivanova (193 5) experimented with sparrows. She used three groups : (a) were 
exposed to light for 9 hours daily; [b) wore silk caps with opaque screens over the 
eyes and were exposed to light 14 hours each day; (r) also were hooded but there 
were slits in the silk caps which admitted light to the eyes. The experiments 
started in the beginning of February and lasted for 6 weeks, when the sparrows 
were killed. The results are shown in Table 19. 

Table 19. The elFects on testes of exposing sparrows to 
prolonged illumination (Ivanova, 1935) 

Av'erage testicular 
Hours of dimensions 

Group Conditions lighting (mni.) 

(a) Controls g 2*38 x i -So 

(^) Hooded and blindfolded 14 5*03x3-56 

(4 Hooded, not blindfolded 14 5-66x4-73 

Increased illumination has been found to affect the reproductive organs in 
mammals. Normally the female ferret remains anoestrous from August until 
March. Bissonette (1932) submitted ferrets to the light of a 200-watt lamp with 
an intensity of 2,660 lumens daily from 5 to ii p.m. The experiment began on 
12 October. Within 38 to 64 days the females showed full oestrus, and mating 
took place within 59 to 70 days, though this was followed only by pseudo- 
pregnancy. These results have been confirmed by Hill & Parkes (1933) and 
Marshall (1940). Marshall & Bowden (1934, 1936) found that the effect of in- 
creased illumination in accelerating oestrus in the ferret was almost confined to 
the rays of the visible spectrum. Whitaker (1936) exposed mice {Peromyscus 
leucopus no^vehoracensis) to increasing artificial light with a result like that obtained 
with ferrets. Thirty-five of these mice were exposed to a strong artificial light for 
daily periods gradually increasing from 13 to 18 hours. Twenty-eight control 
mice of the same species were kept at the same temperature but without extra 
light. The animals exposed to the light became sexualty active 6 to 8 weeks earlier 
than the controls, and anticipated them in the production of litters. 

Baker & Ranson (1932) studied the effect on field mice (Microtiis agrestis) of 
shortening the daily period of exposure to light from 15 to 9 hours. Reproduction 
was interfered with, the females being most affected. In the males the testes 
became smaller though most were still able to produce active sperms. 

The effects of light on the response to gonadotrophin of the reproductive 
organs of male and female rats have been tested by de Jongb & Tan der Woerd 
(1939). During June and July they kept one batch of rats in the light and another 
batch in the dark for 30 days. During the last 10 days some of the rats in each 
batch were given 5 r.u. of placental gonadotrophin; at the end of this period all 
the animals were killed and the weights of their reproductive organs were 
ascertained (Table 20). It will be seen that illumination caused an increase in the 
size of the gonads and their accessories. "When, however, the experiment was 
repeated during the winter months (November and January) the exposure to 
additional light had no obvious effect on the gonads. 

Before quitting the subject of increased light as a stimulus to the production of 
gonadotrophin by the pituitary or to its efficacy on the gonads, one or two 
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Table 20. The influence of light on the action of gonadotrophin in rats 
(de Jongh & Van der Woerd, 1939) 

Limits of organ weights in mg. 


Treatment 

Ovaries 

Uterus 

Testes 

Seminal 

vesicles 

Light only 

18-30 

48-118 

1,350-1,750 

28-40 

Dark only 

10-20 

35-44 

320-610 

6-10 

Light plus Gonadotrophin 

34-69 

174-274 

1,525-1,900 

1 10-364 

Dark plus Gonadotrophin 

27-43 

95-233 

550-1,050 

19-146 


miscellaaeous examples may be quoted because of tbeir interest as curiosities. 
Rowan (19386) mentions two examples in which . birds have been exposed -to in- 
creased illumination to induce them to sing at a period of the year when normally 
they are silent. Quoting from Miyazaki Rowan says that a practice called ^ Yogai ’ 
has been in vogue in Japan from early times. Pet birds (e.g. Zosterops) are ex- 
posed to artificial illumination for 3 to 4 hours after sunset towards the close of 
the year to bring them into singing condition in January instead of in the spring. 
The other example Rowan has taken from Van Oordt, who says that an old custom 
in Holland was to put birds into the dark in June, exposing them to light again in 
September, so that they came into full song in the autumn and were then used 
as decoys by birdcatchers. 

Buckner, Insko & Martin (1934) have reported that white leghorn fowls raised 
without exposure to light had smaller testes and larger combs than normal. If 
exposed to light the testes became larger and the combs became more erect but 
smaller. 

The conduction of afferent impulses to the pituitary. Le Gros Clark, McKeown 
& Zuckerman (1939) have tried to define the nervous pathway by which retinal 
stimuli might travel in order to arouse the pituitary of the ferret into sexual 
activity. In November and December, during sexual rest, the visual pathways 
were divided at various levels in a number of female ferrets, and the animals were 
then exposed to the additional illumination provided by roo-watt electric bulbs 
daily from 4.30 to ii p.m. The results were judged by the appearance or non- 
appearance of oestrus (Table 21). 

Table 21. The effects of dividing the visual pathways on the stimulation by 
light of the gonadotrophic activity of the ferret’s pituitary (Le Gros Clark, 
McKeown & Zuckerman, 1939) 

Nature of operation Acceleration of oestrus 

None (controls) 

Bivision of optic nerv^es — 

Remov^al of visual cortex (occipital lobes) -f- 

RemoTal of visual cortex and destruction of superior colliculi +■ 

Bilateral section of optic tracts -f- 

From these experiments Le Gros Clark and his colleagues conclude that the 
primary receptor for the gonadal response to light in ferrets is the retina. Any 
effects of an alteration of bodily activity induced by the operation could be 
eliminated because the ferrets with divided optic nerves and those in which the 
visual cortex had been removed showed equal activity. It follows that the normal 
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response of the pituitary to retinal stimulation depends on impulses passing 
either to the ventral nucleus of the lateral geniculate body or to the subthalamus 
by way of the accessory optic tracts. 

For normal sexual function it appears that both hormonal and ner\"Ous conduc- 
tion from the hypothalamus to the pituitary^ are required. Brooks (1938, 1940) 
pointed out that there are nervous connections between the hypothalamus and the 
pituitary and that if, in a rabbit, the pituitary stalk is severed so as to divide these 
nerves, ovulation does not follow mating as it would if the pituitary^ stalk were 
intact. On the other hand, several experiments have shown that the transmission 
of stimuli from the hypothalamus to the anterior lobe of the pituitaiy^ is largely 
humoral. Taubenhaus & Soskin (1941) found that pseudo pregnancy could be 
induced in the rat by applying acetylcholine with prostigmine directly to the 
pituitary. The application of atropine to the pituitary prevented the induction of 
pseudopregnancy by electrical stimulation of the uterine cer\dx. Dempsey (1939) 
reported that in guinea-pigs normal oestral cycles occurred after section of the 
pituitary stalk; and it has been shown that transplantation of the pituitar}-" to 
another part of the body so that all its nervous connections are severed does not 
prevent it from forming gonadotrophin in response to suitable peripheral stimuli. 
Schweizer, Charipper & Haterius (1937) removed the pituitaries from adult 
female guinea-pigs and at the same time grafted half of the anterior lobe of the 
pituitary taken from another female into the anterior chamber of each eye. The 
grafts became established. The ovaries underwent follicular development, and 
though maturation was incomplete and ovulation was absent, a constant oestral 
state ensued which suggested that the grafted pituitaries were forming gonado- 
trophin. Schweizer, Charipper & Kleinberg (1940) hypophysectomized male and 
female guinea-pigs and transplanted the animals’ own pituitaries into their eyes. 
In the females the results were the same as in the earlier experiment — the trans- 
planted pituitaries produced FRH only. In the males the reproductive organs 
were well maintained, the seminal vesicles were large and distended, and 
spermatogenesis continued. Apparently the sex of the animal from which the 
grafted pituitary had been obtained made no difference to the results. 

(b) Psychological stimuli. Probably the role of psychological stimuli in 
arousing the sexual activity of the pituitary^ has an increasing importance accor- 
ding to the scale of cerebral development in the different classes of animal, and 
will be greatest in man of whom Shakespere said : 

‘Lov^e looks not with the eyes but with the mind.’ 

However, there is evidence that, even in creatures of a relatively low grade of 
intelligence, what may be termed psychological impulses are significant. 

An experiment by Matthews (1939) on pigeons illustrates this kind of reaction. 
Harper (1904) had learned that in ordinary circumstances an isolated female 
pigeon does not ovulate, whereas when two females are kept together in the same 
cage both may begin to lay eggs. To determine what stimulus leads to ovulation 
Matthews arranged virgin pigeons at springtime in. the following conditions: 
(i) a male and female together in the same cage, (2) a male and female in the same 
cage hut separated by a glass partition, (3) two females together in the same cage, 
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(4) a female alone in a cage with a mirror in which she could see her own reflection 
and (5) a female alone in a cage without a mirror. The results set out in Table zz 
show that in this instance the primary stimulus inducing ovulation was a visual 
one, and it seems that the pathway from retina to pituitary must have traversed 
the higher levels of the brain. 

Table 22. Induction of ovulation in pigeons by visual stimuli 
(Matthews, 1939) 

Interval between beginning 
of experinent and egg-laying 


Arrangement Ovulation (days) 

(r) Male and female together in cage . -{- 9 

(2) Male and female in one cage but separated by a 4- 12 

glass partition 

(3) Two females together in one cage -{- 52 and 56 

(4) Female alone in cage with mirror -h 1 1 

(5) Female alone in cage without mirror — 


A comparable happening is seen in the rabbit, which when isolated frona her 
fellows does not ovulate. If she is kept in a cage near another containing a buck 
or in a cage with other females she is apt to ovulate and pass through a period of 
pseudopregnancy. 

Another phenomenon of the saLme kind concerns the number of eggs laid by 
birds in the nesting season. If, before her clutch is completed a bird is deprived, 
by the systematic removal of eggs, of the normal number on which she is 
accustomed to brood, she will often continue to lay. Jesse (1835) says that a long- 
tailed tit laid thirty eggs in succession because an observer continually depleted 
the nest. He says also that the lark, which normally lays five eggs at a nesting, 
will continue to lay if only one or two eggs are allowed to remain in the nest, hut 
if three remain she will sit. 

Violent disturbances of the nervous system are generally regarded as antagonistic 
to reproduction. The writer, when a medical student, was taught that the 
commonest cause of amenorrhoea in a healthy young unmarried woman was 
fright; the possible effect of emotional disturbance in causing miscarriage or 
amenorrhoea has long been recognized by the clinician. Specific examples are 
described by Loeser (1943). 

Changes of External Temperature 

The frequency with which in the animal world sexual awakening occurs in the 
spring leads one naturally to regard the possible effects of a rising external tem- 
perature. Great discrepancies between the reactions to heat and cold between 
different species are seen. In this country some fish breed in the winter and others 
in the summer, so that the close seasons for angling vary widely for the different 
species. The trout becomes sexually active in the colder part of the year. On the 
other hand Craig-Bennett (1931), studying the reproductive cycle of the stickle- 
back [G ester os tens acideatus)^ found that, whereas increased illumination had no 
influence and diet but a minor one on the appearance of the secondary sexual 
characters, the temperature of the water was a predominant factor. In the 
sticklcoack the degree and duration of the secondary sexual manifestations varied 
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with tke temperature, a sufficient rise of which was followed hj full testicular 
development and activity. 

In mammals, too, contrasts may be seen between the effects of external tem- 
perature on the reproductive faculty of different species. With many hinds of 
mammal which breed only at one season the warmer part of the year is the one 
chosen for mating; with others cold appears to act as the stimulus. Moore, 
Simmons, Wells, Zalesky & Nelson (1934) investigated the sexual cycle of the 
ground squirrel, which in its natural environment hibernates from November to 
April. Exposure to light and increased warmth during this period caused no 
gonadal activity. If kept in cold and darkness for several months these squirrels 
could be induced to show the sexual awakening at any time of the year. Ogle 
(1934) found that mice kept at a temperature of about 18° C. showed more fertile 
matings and an earlier onset of sexuallife than mice kept in a moist heat of 31-33^ C. 

It seems likely, since biological events are purposeful, that the reactions of the 
pituitary are subsidiary to the welfare of the young which must be born at that 
season most favourable to their survival. Great differences in gestational periods 
have to be allowed for to attain this end in mammals. The advantage gained by 
the adaptability of the pituitary to such requirements is obvious ; the methods by 
which the adaptability has been acquired and the mechanisms by which the 
pituitary reactions are achieved remain obscure. 

Seasons 

In some species, though not in all, there is a bias toward reproduction at a certain 
time of the year without regard to surrounding conditions. If a bird or mammal 
normally resident in the southern hemisphere is transferred to the northern, it 
may at first show sexual awakening at a season inappropriate to its new sur- 
roundings but in accordance with the annual cycle to which it was accustomed in 
its southern home. The same is true of animals removed from the northern to the 
southern hemisphere. The established habit which this phenomenon denotes is not 
equally potent in all species. Some animals adapt themselves almost at once to 
the new conditions ; others take longer, and some continue indefinitely to breed 
in the same calendar months as before (Baker & Ranson, 1938). The budgerigar 
is a familiar example of the last. Such an inherent seasonal bias must be borne in 
mind when interpreting experimental results. The subject has been reviewed by 
Marshall (1936, 1942) and Rowan (19385). 

It has been thought by some that evidence of a seasonal variation in fertility 
could be detected in man. Certain races in particular, for example the Es quimaux, 
have been said to display a tendency of this kind, more children being horn in 
one period of the year than in another. Careful inquiry, however, has failed to 
establish a sound basis for this belief, and it now appears indisputable that in 
man there is no seasonal variation in the reproductive faculty such as occurs 
among lower animals. 

Oestrous Cycle 

Variations of the gonadotrophic potency of the pituitary occur during the sexual 
cycle and no doubt are among its causes. When considering this fact it is to be 
remembered that both oestrone and progesterone have an inhibitory effect on the 
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gonadotrophic activity of the pituitary. It may be that in some species the highest 
degree of inhibition is caused during the luteal stage, while in others the maximum 
inhibition coincides with maturation of the ova and the maximum output of 
oestrogen. Another point to bear in mind is that the actions of oestrone and 
progesterone on the pituitary are not quite identical in character. 

Among experiments done to elucidate the gonadotrophic potency of the 
pituitar}^ at different stages of the oestrous cycle are the following. Smith & 
Engle (1929) transplanted the anterior pituitaries taken from female guinea-pigs 
at different stages of the oestrous cycle into immature mice and found that the 
results varied according to the oestral stage of the donor at the time when the 
pituitary was taken. Schmidt (1937) obtained similar results. He implanted the 
pituitaries of adult virgin female guinea-pigs subcutaneously into immature 
female guinea-pigs weighing between 190 and 210 g. No effect on the ovaries 
or uterus was produced by implanting pituitaries taken from guinea-pigs in 
oestrus, and a maximal effect followed the use of pituitaries removed shortly 
before the onset of oestrus. Wolfe (1930) tested the capacity of the sow’s pituitary 
. to cause ovulation in the rabbit. The cyclical condition of the sow at death was 
determined by the ovarian condition. It appeared from these experiments that 
the gonadotrophic potency of the material used varied greatly in the course of 
the oestrous cycle (Table 23). 

Table 23. Variations in the gonadotrophic potency of the sow’s pituitary ■ 
during the oestrous cycle (Wolfe, 1930) 

Amount of pituita^ required to 
induce ovulation in the rabbit 

Condition of pituitary-donor’s ovary (itigO 

(1) Absence of active corpora lutea. Follicles of 6-8 mm. i 

diameter 

(2) Absence of active corpora lutea. Follicles of 10 mm. 

diameter 

(3) Active corpora lutea. Small resting follicles only 40 

It will be seen from this table that the pituitary attained its highest degree of 
gonadotrophic potency in the absence of corpora lutea, and before the follicles 
were fully developed, and its lowest degree when the corpora lutea were in full 
activity. An intermediate degree was reached at oestrus. Variations in the out- 
put of gonadotrophin during the menstrual cycle in a woman have been recorded 
by Frank & Salmon (1935 a), who found that the greatest concentration of gonado- 
trophin in the blood occurred between the 9th and 12th days of the cycle, and that 
the greatest excretion by the kidney took place between the loth and 14th days. 

Another aspect of the oestrous cycle and the variations of pituitary activity 
which accompany it was shown by Lane & Hisaw (1934), who killed rats at 
various stages of the oestrous cycle and implanted their pituitaries into normal 
22-day-old rats. From the results they concluded that in pituitaries during 
dioestrum FRH predominated in amount over LH and during oestrum LH was 
in excess of FRH. 

The changing phenomena of the oestrous cycle might be regarded somewhat 
as follows. First the anterior lobe of the pituitary is aroused by appropriate 
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seasonal or other conditions; the nature of the conditions efFecti’v^e for this purpose 
varying in the different species. The pituitary, thus awakened, produces FRH. 
This hormone reaching the ovary through the bloodstream causes the graafian 
follicles to ripen with a consequent production of oestrogen. The latter, having 
attained a certain concentration in the blood, reacts on the pituitary in two ways; 
first, it inhibits the output of FRH; secondly, it leads to the production of LH, 
which converts the follicles into corpora lutea and gradually stops the further 
supply of oestrogen from the ovary. The corpora lutea elaborate progestin, which 
facilitates the excretion of oestrogen by the kidneys and at the same time inhibits 
the production of FRH, so that as long as progestin is present in the blood in 
sufficient concentration, ripening of graafian follicles with the production of 
oestrogen is impeded. The end of the cycle may be regarded as coincident with a 
diminution or cessation of the output of progestin when the corpora lutea de- 
generate. In animals which are subject to a regular succession of oestrous cycles, 
the pituitary, now freed from the restraint of progestin, begins to elaborate new 
supplies of FRH and so a fresh cycle is set going. The process doubtless is not 
quite so simple as this, but enough facts are known perhaps to justify the descrip- 
tion as a temporary guide. 

In some species in which the entire oestrous cycle occupies but a few days, as 
happens for example in rats and mice, it may be that little or no progestin is 
formed. Certainly one can imagine the occurrence of short oestrous cycles, under 
the influences which are known, in the absence of progestin. 

Cyclical variations in the gonadotrophic potency of the pituitary in birds have 
been observed by Riley & Traps (1942), who assayed the pituitaries of fowls on 
immature mice and found that the pituitaries of laying hens were less potent than 
those of non-layers. The pituitaries of hens with maturing follicles had about the 
same potency as those of hens whose ovaries were in an early regressive phase. 

Apart from the mechanisms just mentioned there appears to be a tendency to 
a rhythmical recurrence of oestrum (Marshall, 1936). Swezy & Evans (1930) ob- 
served that the cycle of ovogenesis in the rat is not interrupted by pregnancy, but 
continues with periods of 4 to 5 days, ripe follicles with smaller degenerating ones 
being present at the end of each period. From each batch of ripe follicles new 
small corpora lutea form which are seldom more than one-third the size of the 
functional corpora lutea of pregnancy. No oestral smears are obtained from the 
vagina during gestation, though at the end of each cycle the smears are prooestral 
in character. Nelson (1929) has recorded the continuance of oestral cycles in the 
rat during pregnancy and has noted that copulation will be permitted during each 
oestral phase. The writer (Burrows, 1941) has shown that in rats and mice copu- 
lation shortly before parturition may lead to impregnation and the subsequent 
birth of a litter. Heape (1901) and Hammond & Marshall (1925) noted that in 
several species pregnancy is not a bar to copulation, 

Wade & Doisy ( 1935 a) noted a cyclical variation in the rat’s responsiveness to 
oestrogen. Oestriol in daily doses vaiynng from 0*65 to 13*07 were given to 
spayed rats for 180 days and during this period vaginal smears were taken. These 
revealed the occurrence of irregular oestrous cycles varying in length from 5 to 
10 days, and interspaced with periods of di oestrus lasting up to 30 days or longer. 
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Zuckerman (1937Z?) has made the same sort of observation on a spayed rhesus 
monkey which was under treatment with daily doses of 100 i.u. of oestrone. 

The mechanism of seasonal influences on the pituitary and sexual activity 
awaits elucidation. Heape (1901), who appears to have been the first to identify 
and name the different stages of oestrus, pointed out that some animals (mon- 
oestrons) have but one oestral season in the year, whereas others (polyoestrous) 
have repeated oestrous cycles. 

Pregnancy 

To test the gonadotrophic potency of the pituitary in various conditions Bacon 
(1930) used the pituitaries of freshly slaughtered cattle. The anterior lobes were 
separated from the posterior and cut into small pieces which were then implanted 
into infantile mice weighing not more than 10 g., precocious oestrus being the 
criterion of gonadotrophic effect. By this method the hormone content of the 
pituitary was found to be reduced during pregnancy. Hill (1933) arrived at a 
similar conclusion by a different method. He studied female rats which had been 
joined in parabiosis. When two normal females are united in this way their 
oestrous cycles are not affected ; if, Hill says, one of them is pregnant her fellow 
goes into a state of continued anoestrus, a condition which suggests a deficiency 
of gonadotrophic hormone consequent on the pregnancy of the partner. Philipp 
(1930) tested by implantation the pituitaries of four men and twelve non-pregnant 
women, dead from various causes, for gonadotrophic potency. The test animals 
showed positive responses in every instance. He carried out similar tests with the 
pituitaries of ten women who had died during pregnancy or shortly after parturi- 
tion. Nine of these women had reached the 7th month or a more advanced stage 
of pregnancy, and in all these cases the test animals failed to respond. The re- 
maining case was that of a woman who aborted at about the 3rd month, and in 
this instance a doubtfully positive test was obtained. Lipschiitz Sc Del-Pino 
(1936) likewise found little or no gonadotrophic potency in the pituitary of a 
pregnant woman. 

Possibly the diminished production of gonadotrophin by the pituitary in the 
later stages of gestation is caused by placental activity. Heidrich, Eels Sc Mathias 
(1930) showed the absence of gonadotrophin from the pituitary of a man with 
chorionepithelioma of the testis by implanting portions of the pituitary into 
immature female mice, whereas implants of the tumour itself caused positive 
responses. The patient before death had been excreting large amounts of gonado- 
trophin in the urine. 

Gonadectomy 

Fichera (1905*3) was the first to discover: a physiological connection between the 
gonads and the pituitary. He showed that removal of the gonads in several dif- 
ferent species and in both sexes was followed by enlargement of the pituitary 
accompanied by histological changes (Table 34). 

Hatai (1913 a^b) noticed that in normal adult female rats the pituitary is larger 
than in the male. After spaying no appreciable enlargement of the pituitary 
occurred, whereas castration in the male caused the pituitary to increase in weight 
73 *^^ cent. Engle (1929 Z?) removed the gonads of a number of male and 
female rats, some of which were between 20 and 30 days old, the others being 
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Table 24.. The effects of gonadectomy on the weight of the pituitan^ 
gland, as lecorded by Fichera (1905^) 


Animal 

Number 

examined 

Castrated 

A lean weight of 
pituitar\" glands 

(i) 

Cock 

50 

__ 

0*133 

Capon 

50 

4. 

0-267 

Bull 

5 

— 

2-35 

Ox 

5 

4 - 

4-40 

Buffalo 

s 

— 

I '80 

Buffalo 

5 

-b 

3*45 

Female guinea-pig 

2 

— 

0-142 

Female guinea-pig 

3 

4. 

0-177 

Female rabbit 

2 

— 

0-170 

Female rabbit 

3 

4- 

0-245 


over I year old at the time of the operation. Eight or 9 months later the rats were 
killed and their pitnitaries were implanted into immature rats and mice, the 
results being compared with those obtained by pituitary implants taken from 
normal rats. Using the increased weight of the ovaries in the test animals as an 
index of pituitary potency Engle found that the pituitaries of the gonadectomized 
rats showed a greater effect than those taken from normal rats. No difference of 
effectiveness was detected between, the pituitaries of male and female donors. 
Evans & Simpson (1929 i) performed a somewhat similar experiment; they re- 
moved the testes or ovaries frona rats at the age of 7 or 9 months, killed the animals 
2 months later and implanted their pituitaries into female rats 24 days old. Two 
pituitaries were given each day for 2 days, the recipients being killed 2 da^^s later. 
The effect of cryptorchidism in male rats on the pituitary potency was tested in 
the same way. The results are shown in Table 25, from which it appears that, 
though smaller, the pituitary of the normal male rat has a higher gonadotrophic 
potency than that of the female, and that gonadectomy in both sexes leads to an 
increase of the gonadotrophic potency of the pituitary. Cryptorchidism has a 
similar though less pronounced effect. 

Table 25. The effects of gonadectomy and cryptorchidism on the size and 
gonadotrophic potency of the rat’s pituitary (Evans & Simpson, 1929^) 

Nature of pituitary donor 



Normal 

female 

Spayed 

female 

Normal 

male 

Castrated 

male 

Ciy-ptorchid 

male 

Average weight of the four implanted 
pituitaries (mg.) 

47-6 

49*3 

34*4 

48-S 

43’6 

Percentage of recipients showing 
oestrous vaginal smear within 4 days 

16 

100 

100 

100 

100 

Average weight of the two ovaries of 

19*5 

133*5 

69-5 

176 

129 


the recipients at end of 4 days (mg.) 

Severinghaus (1932) deprived male and female guinea-pigs of their gonads, and 
noted that the operation was followed by an enhanced gonadotrophic potency of 
the pituitary; and the same result was seen in the rabbit (Smith, Severinghaus & 
Leonard, 1933)- Nelson (1935 r) spayed female guinea-pigs and castrated males 
or rendered them cryptorchid. After an. interval of time the animals were killed 
and the gonadotrophic capacity of their pituitaries, as compared with those of 
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controls, was tested by implanting them into immature rats and mice. The assays 
showed that the gonadotrophic capacity of the pituitary was considerably en- 
hanced in the cryptorchid males as well as in the males and females whose gonads 
had been removed. 

The effect of gonadectomy on the pituitary is not limited to the quantity of 
gonadotrophin which it excretes ; the quality also appears to be changed so that 
FRH now greatly predominates over LH. Zondek (1932) observed an increased 
output of FRH in the urine of women within 2 weeks of the removal of both 
ovaries; and in men, too, an increase of FRH was found in the urine after bilateral 
castration. Hellbaum (1933) injected extracts prepared from the pituitaries of 
geldings into infantile rats and found that the characteristic effect was a great 
follicular development without luteinization. In a total of sixteen test rats, 
luteinization occurred only in two an 4 in these it was slight. Though castration 
of the horse destroys the luteinizing capacity of the pituitary, the destruction is 
not complete, he says, until several years after the operation. Creep (1937) states 
that in the rat the pituitary contains some LH for many months after castration. 

Martins &: Rocha (1930, 1931) placed in parabiosis infantile female rats 19 to 
30 days old with males or females of the same age which were subjected to 
gonadectomy at the same time. As a result, the non-spayed partner showed pre- 
cocious oestrus and even ovulation within 6 or 7 days, a result which is attributable 
to an excessive supply of gonadotrophin (FRH) derived from the spayed or cas- 
trated partner. This experiment shows that the gonads can affect the gonado- 
trophic power of the pituitary before the rat has become sexually mature. Hill 
(1932, 1933) united female rats in parabiosis and removed the ovaries from one 
of each pair, with the consequence that the spayed partner remained anoestrous 
while the one with intact ovaries went into constant oestrum. As in the experi- 
ments of Martins & Rocha this event, it seems, must have been the consequence 
of an excessive output of FRH from the pituitary of the spayed partner together 
with a deficiency or absence of LH. 

Experiments carried out by Lauson, Golden &Severinghaus(ig39) have shown 
that in rats the enhancing effect of gonadectomy on the gonadotrophic potency of 
the pituitary does not entirely take place at once. Rats were spayed and after varying 
intervals the potency of their pituitaries was compared with that of normal female 
rats of the same age. In this way the pituitary potency was found to increase 
continually for about 60 days after gonadectomy; it then remained stationary at 
a high level until the 120th day, which was the limit of the experiment. The 
pituitaries were assayed by implantation into immature mice, the uterine weights 
being used as criteria of the potency of the implants. This method gives a measure 
of FRH capacity. The rate of increase of potency was almost linear up to the 60th 
day; at the end of this interval the potency was 52 times that of the normal rat’s 
pituitar}^ 

Partial Gonadectomy, Cryptorchidism and Sterilization by X-rays 

From the various experiments which have been quoted above it appears that 
removal of the gonads in either sex, even though the animals are sexually im- 
mature, leads to a much enhanced output from the pituitary of FRH and a great 
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reduction of the output of LH. From this it may be assumed that, by some direct 
or indirect influence, the normal gonads can reduce or inhibit the production of 
FRH by the pituitary. It is important to identify if possible the particular 
constituent of the gonad which exercises this restraint. There are three methods 
of investigating the problem, namely by studying the consequences of {a) partial 
gonadectomy, {b) cryptorchidism and (r) X-ray sterilization. 

(a) Partial gonadectomy. The regulation of the pituitar}’* by the gonads and 
of the gonads by the pituitary is revealed by the results of partial gonadectomy. 
Some consequences of this procedure have been discussed already (pp. 21, 26) 
in connection with the influence of the pituitary on the ovaiy' and testis ; it was then 
shown that removal of one ovary is followed by an increased development of 
follicles in the remaining ov’^ary, so that the total number of follicles maturing 
at each cycle is little if at all changed by the operation. To this increased follicular 
development in the remaining ovary after removal of its fellow the so-called 
‘ compensatory hypertrophy’ of the gonad is attributable, the enlargement being 
due to increased functional activity rather than to the formation of new tissue to 
replace what has been lost. These remarks may be applied not only to unilateral 
gonadectomy but also to the partial excision of a single ovary, whether its fellow 
has been removed by operation, or whether, as in the fowd, only a single ovary is 
normally present. Such mutilations cause a permanent disequilibrium betw’’een 
the pituitary and the surviving gonadal tissue, and from this imbalance many 
abnormalities in the reproductive system may ultimately arise. Though the dis- 
equilibrium is permanent, most of the abnormalities caused by upsetting the 
balance of supply and demand within the hormonal system are reversible, and 
can be remedied temporarily by an artificial supply of the missing hormones. 
Theoretically the only way to abolish the permanent disequilibrium would be by 
implanting grafts of fresh living material to replace that which has been lost. 

There may be an exception to the rule that the sequels of partial gonadectomy 
are reversible, for experiments have suggested that, with time, malignant tumours 
may arise as an outcome of the pituitary-gonadal imbalance, and once started the 
progress of such tumours has shown no sign of reversibility. 

After these preliminary remarks it may be interesting to review some of the 
experimental work upon which the generalizations just stated are founded. When 
considering the work it may be borne in mind that (i) the gonads control the 
amount of available gonadotrophin derived from the pituitary, (2) if the gonadal 
tissue is partly or entirely excised this check on the available supplies of pituitary 
gonadotrophin will be reduced accordingly, (3) the results will be a larger total 
supply of gonadotrophin and a smaller amount of tissue subject to its action. 

The effect of partial spaying on the remaining ovarian tissue. Lipschiitz , 'Wagner 
& Tamm (1922) removed one ovary from each of a number of rabbits when they 
were between 4 and 6 weeks old. Six months later the single remaining ovaries 
were removed and found to be much larger (55 to 85 per cent) than each of the 
ovaries in intact littermate control animals. Further, these investigators removed 
from rabbits when they were a month old one entire ovary and three-quarters of 
the other. Six months later the surviving quarter of an ovary had attained the 
size of half a normal ovary. Microscopical examination showed that this enlarge- 
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ment was not attributable to the reformation of lost tissue, but was due mainly or 
entirely to the ripening of more follicles relatively to the bulk of ovarian tissue. 
In more prolonged experiments on female rabbits, Lipscliiitz (1925^2:) found that 
follicular cystic degeneration was apt to occur in the fragment of ovary remaining 
after partial gonadectomy and that the walls of the cysts sometimes became 
luteinized. Smith & Engle (1927), it will be recalled, caused similar ovarian 
follicular cysts by the persistent administration of pituitary extracts (p. 25). 

The effects of partial spaying on the uterus and mamma. Extended observations 
(Lipschiitz, 1937^?, 1938) on guinea-pigs and cats as well as on rabbits revealed 
conseq[uences from partial spaying other than those occurring in the remaining 
ovarian tissue* In the guinea-pig, he found, the uterus may become greatly en- 
larged so that 3 years after partial spaying instead of weighing the normal i g. or 
thereabout it weighed in different cases between 5 and 27 g. This enlargement 
was accompanied by a remarkable proliferation of the uterine glands, the lumina 
of which were often dilated so as to cause glandular cavities or ‘cysts’. Similar 
changes in the uterus were recorded by Wolfe, Burch & Campbell (1932) as a 
consequence of partial spaying in the rat. 

In some of the guinea-pigs the mammae became enlarged so as to exceed in size 
those of pregnancy, though occasionally these enlarged mammae subsequently 
shrank. 

The effects of partial spaying on the oestral cycle. Wolfe, Burch & Campbell 
(1932) removed one ovary and a large part of the other from rats, and they noted 
that, as a consequence, oestrus became prolonged so as to occupy about half of 
the total cycle. This extension of oestrus at the expense of anoestrus was most 
pronounced in those rats from which most ovarian substance had been removed. 
Thus there appeared to be, in spite of the greatly reduced bulk of ovarian sub- 
stance, an increased amount of available oestrogen or a much enhanced reactivity 
towards oestrogen. Lipschiitz states that the keratinizing stage of oestrus in the 
guinea-pig’s vagina, which normally lasts for a few hours only, after partial 
ovariectomy may persist for ro days or longer. 

It will be observed that all these results of partial spaying might be attributed 
to an excessive output of FRH and consequently of oestrogen. The evidence in 
favour of the disturbances being the outcome of a disequilibrium between the 
pituitary and ovary seems complete. Lipschiitz attributes the results to an 
irreversible imbalance between the ovary and the pituitary. He believes that the 
ovarian control of the pituitary is exercised not only by tertiary follicles which 
reach maturity, but by the secondary follicles which are destined to become 
atretic at an earlier stage and to contribute to the interstitial substance of the 
ovary. Because of the greater strain put on the surviving fragment of the gonad 
after partial spaying the primary follicles become used up prematurely, he 
suggests, and so there is a shortage of secondary atretic follicles and a consequent 
disequilibrium. Such an explanation seems to fit most of the known facts, though 
further experiments are required before it can be accepted without reserve 21). 

The effects of partial castration on the testis. More or less brief experiments 
(Lipschiitz, 1922, 1925 a) have shown that after removal of one testicle the other 
becomes enlarged, but the sequels are not so striking as those which follow uni- 
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lateral spaying. jMoreover, according to Lipschiitz, the excision of part of a 
testicle is not followed by a great enlargement of the suniving fragment such 
as happens when the ovan’^ is mutilated in this way. 

Apparently in some circumstances a more extensive removal of testicular sub- 
stance may eventually lead to considerable pathological changes. Champy 
Lavedan (1938) removed the testes of fowls almost but not quite completely. 
After this operation atypical regeneration occurred. If the operation in these 
circumstances is repeated, they say, and the birds are kept for 3 years or longer, 
large testicular tumours may arise. This happened in four of the fifteen fowls of 
their experiment. The tumours were seminomas or teratomas, and metastasis 
occurred. It is difficult to dissociate in one’s mind the etiology of these tumours 
from that of the teratomas which have been induced in the testes of fowls by 
injecting zinc chloride into them, or to avoid thinking that there maybe something 
common in the causation. 

The gonadotrophic potency of the pituitary after partial gomdectomy. Regarded 
collectively the results of partial gonadectomy, both in the male and female, suggest 
that the operation is followed by an excessive production of FRH by the pituitary. 
The possibility has been investigated by Nelson (1935c). He removed the whole 
of one and the greater part of the other ovary from guinea-pigs. After intervals 
varying from 4 to 1 2 months the guinea-pigs were killed and their pituitaries were 
implanted into immature female rats and mice. The gonadotrophic potency 
(FRH) of their pituitaries, as determined in this manner, w^as considerably above 
the normal, being only slightly less than that of the pituitaries of guinea-pigs 
which had been completely spayed. 

(6) Cryptorchidmn. Experiments by Evans & Simpson (1929^) and Nelson 
( 1 93 5 r) bearing on the gonadotrophic capacity of the pituitary^ in animals which had 
been artificially made cryptorchid have been mentioned earlier (p . 45). Reference 
will be made here to further work on the same subject. It is hardly necessary to 
remark that the chief defect in a cryptorchid testis is an atrophy of the seminal 
epithelium while the interstitial glandular tissue remains sufficiently active to 
maintain the accessory generative organs for a prolonged period in a functional 
state. 

Martins (1930) produced an artificial cryptorchidism in rats and mice by 
operation, and then joined them in parabiosis with normal females, with the 
result that the latter went into a state of constant oestrus and their ovaries showed 
an excessive development of follicles and a failure of luteinization. On the other 
hand, when normal males whose testes were in the scrotum were united in the 
same way with normal females the oestrus cycles in the latter were not disturbed. 
By direct tests the pituitaries of cryptorchid rats were found to possess more 
gonadotrophic potency than those of normal rats (Martins, Rocha & Silva, 1931). 
Nelson (1935 r) produced artificial ciyptorchidism in guinea-pigs and after 
periods of 5 to 14 months killed them and implanted their pituitaries into im- 
mature rats and mice. His results confirm those wffiich Evans & Simpson (1929&) 
had obtained with cryptorchid rats, the pituitaries of the cry-ptorchid guinea-pigs 
being about 70 per cent more potent than those of normal male guinea-pigs in 
causing precocious maturation of follicles in the ovaries of infantile rats and mice. 
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Du Shane, Levine, Pfeiffer & Witschi (1935) maintained female rats in parabiosis 
with normal males; if, in these circumstances, the male rat was rendered crypt- 
orchid or sterilized by X-rays, the female partner arrived at a state of constant 
oestrus. 

In contrast with some of the foregoing results are those obtained by Cutuly, 
McCullagh & Cutuly (1937&). These experimenters joined hypophysectomized 
male rats in parabiosis with {a) castrated, [b) cryptorchid and (c) normal male 
partners. The pituitary of the castrated rat was potent enough to maintain the 
testes and accessory genital organs of their hypophysectomized partners. The 
cryptorchid partners, even after 71 days of cryptorchidism, did not show any 
more influence than normal rats on the genital organs of their hypophysectomized 
fellows. In connection with this result an experiment by Nelson (1937a) should 
be mentioned. He rendered a number of rats cryptorchid by operation. Six 
months later their seminal vesicles appeared normal, but after 8 months these 
accessory glands were markedly decreased in size. Early castration changes were 
present in the pituitary after 75 days of cryptorchidism. Twenty-five rats which 
had been cryptorchid for periods of 360 to 4.50 days were anaesthetized and one 
testis, one seminal vesicle (atrophic) and a piece of the prostate were removed. 
The rats were then given daily injections of gonadotrophin for 10, 20 or 30 days 
and then killed. At the end of this treatment there were no castration changes in 
the pituitary and the accessory organs were as large or larger than those of con- 
trols (Table 26), The results are difficult to explain if it is true that cryptorchidism 
produces castration changes in the pituitary accompanied by an increased output 
of gonadotrophin, for the rapid and ample response of the seminal vesicles 
suggests that the cryptorchid testis had not lost its power of responding to 
gonadotrophin. 

Table 26. Showing the effect of prolonged cryptorchidism on the seminal 
vesicles of the rat and their response to gonadotrophin (Nelson, 1937a) 

, Weights of organs before ad- Weights of organs after ad- 


Number 

Duration of 
treatment with 

ministration of gonadotrophin 

A 

r > 

ministration of gonadotrophin 

A 

of 

gonadotrophin. 

Testis 

Seminal vesicle 

Testis 

Seminal vesicle 

rats 

(days) 

(g.) 

(g-) 

(g-) 

(g.) 

8 

10 

0-239 

0-067 

0*298 

0-714 

9 

20 

0-213 

o*o6o 

0*284 

0-803 

10 

30 

0*224 

0*058 

0*265 

0-738 


Whatever the nature may be of the restraining influence which the gonads 
exercise upon the pituitary there is evidence that the main influence is derived 
from the ovarian follicles or corpora lutea in the female and the seminal epi- 
thelium in the male. The experiments which have been quoted above, dealing 
with the effects of incomplete gonadectomy and cryptorchidism, nearly all point 
to this conclusion, which is further supported by the consequences which follow 
X-ray sterilization. 

(r) X-ray sterilization, Witschi, Levine & Hill (1932) sterilized male rats by 
exposing the scrotum to X-rays. Three exposures were made, the total dose being 
2,400 r. One month later these rats were joined in parabiosis with normal females. 
The effect on the females, after an interval of time during which oestrus was 
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irregular, was to maintain them in a condition of constant oestrus. Examination 
of the sterilized males showed that the seminal epithelium had been destroyed 
while the interstitial testicular tissue seemed uninjured and was functionally active, 
as shown by the normal appearance of the prostate and seminal vesicles. The con- 
clusion is that the excessive production of FEH in these rats can be attributed to 
the defective condition of the seminal epithelium resulting from the action of 
X-rays. 

These three conditions, partial castration, cryptorchidism and X-ray steriliza- 
tion, it may be noted, not only lead to an over-production of FRH but they cause 
also an enlargement of the pituitary accompanied by the same histological changes 
in its structure as those which follow complete gonadectomy. 

Gonadal Honaones 

There is little doubt that the restraint which a testis or ovary exerts on the 
production of gonadotrophin by the pituitary is largely caused by the known 
gonadal hormones- Indirect evidence pointing to this conclusion will be adduced 
in the section on the cytology of the hypophysis; meanwhile reference will be 
made to experiments which bear directly on the influence of gonadal hormones 
upon the gonadotrophic potency of the pituitary gland. 

(^) Oestrogen, Gonadotrophic action. The first effect of oestrogen on the 
pituitary appears to be an increased output of LH (Lane & Hisaw, 1934) ; this has 
been shown, not only by the changes caused in the ovaries of adult rats by oestrin, 
but by the effect which the pituitaries of oestrin-treated rats cause when implanted 
into infantile rats. Hohlweg & Chamorro (1937) gave a single dose of iiy of 
oestradiol benzoate to each of fifteen rats which were 8 weeks old and weighed 
50 g. Five of the rats killed 2 days later had no corpora lutea; among five rats 
killed 5 days after the injection, corpora lutea were present in two and among the 
remaining five, which were killed 7-I days after the injection, corpora lutea were 
present in four. When the same treatment was carried out on rats whose pituitaries 
had been removed 6 days previously no corpora lutea were produced. 

Frank (1940) states that the gonadal hormones, when given in small doses and 
for short periods of time, increase the gonadotrophic activity of the pituitary^ 
whereas when supplied in larger amount and during longer periods of time they 
suppress it. When considering such a generalization one has to remember that 
oestrogens and androgens have a direct gonadotrophic influence on the gonads in 
the absence of the pituitary as will be shown later (pp. 198, 281). 

Antigonadotrophic action. The later effect of oestrogens on the pituitary is to 
diminish or arrest the output of gonadotrophin (FRH). IMoore & Price (1930) 
found that the continued administration of oestrin to immature rats of 30 days 
caused atrophy of the testes and accessory^ genital organs. 

IMeyer, Leonard, Hisaw & Martin (1930, 1932) carried out the following ex- 
periments. (a) Thirty-four immature female rats between 30 and 40 days old 
were given 2 r.u. of oestrin, dissolved in oil, daily for periods extending from 30 
to 70 days. Twenty-four littermates were used as controls, being given injections 
of oil only. At the end of the periods of injection the animals were killed. The 
ovaries of those which had received oestrin were 40 per cent less in weight than 
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the ovaries of the iittermate controls. (6) In a second experiment Meyer and his 
colleagues castrated fifteen adult male and nineteen adult female rats. Some of 
these were kept without further treatment as controls while the others were given 
4 r.u. of oestrin daily for 31 days. At the end of this period all the rats were killed 
and their pituitaries were implanted into immature rats, one pituitary being given 
to each recipient. After a short interval the young rats were killed and it was 
found that the ovaries of those which had received pituitaries from the oestrin- 
treated castrated rats were only 35 per cent of the weight of the ovaries of those 
which had received pituitaries from the castrated rats which had not been given 
oestrin. The experiments show that oestrin inhibits the activity of the ovary, and 
that this effect is largely or entirely explained by an inhibition of the gonado- 
trophic (FRH) activity of the pituitary. Kraus (1930) made a comparable observa- 
tion on males. First he noted that injections of oestrin into normal male rats and 
mice caused atrophy of the testes accompanied by involution of the accessory 
generative organs, including the prostate and seminal vesicles. If, however, 
gonadotrophin were given in addition to the oestrin the testes and accessory 
organs were not atrophied. Moore & Price (1932) also found that the atrophic 
effect of oestrin on the rat’s testis could be prevented by the implantation of fresh 
rat pituitaries, or by subcutaneous injections of a gonadotrophic extract from the 
urine of pregnant women, and that the atrophy of the prostate and seminal 
vesicles could be prevented by an androgenic preparation obtained from bulls’ 
testes. -Apparently oestrogens injure the male accessory organs by interfering with 
the supply of gonadotrophin from the pituitary so as to prevent the elaboration 
of androgen by the testis (see Spencer, D’Amour & Gustavson, ig^za). 

Nelson (1935 0 showed that the pituitaries of male and female guinea-pigs 
which had been deprived of their gonads, and afterwards given daily injections of 
oestrin in doses ranging from 25 to 100 r.u., when implanted into immature 
animals were less potent than the pituitaries of normal guinea-pigs; whereas 
gonadectomy alone leads to a considerable enhancement of the supply of gonado- 
trophin by the pituitary. He noticed too that the increased gonadotrophic 
potency of the pituitary which normally is associated with castration and cryptor- 
chidism could be prevented by means of ovarian grafts. Zondek (r936&) found that 
prolonged dosage with oestrin interferes with the functions of the anterior lobe 
of the pituitary in rats, causing atrophy of the testes and a consequent under- 
development of the penis and scrotum. 

Hertz & Meyer (1937) put immature female rats in parabiosis with castrated 
male or female littermates, with the result that hypertrophy of the ovaries 
occurred in the normal partner because of an excessive supply of gonadotrophin 
received from the pituitary of the gonadectomized twin. This hypertrophy could 
be completely prevented by daily injections of 0-2 7 of oestrone into the gonadecto- 
mized rat. The result illustrates the capacity of oestrone to check the supply of 
gonadotrophin by the pituitary. Hertz &: Meyer found that these small doses of 
oestrone were as effective as 30/ of testosterone or 157 of testosterone propionate 
given daily in limiting the output of gonadotrophin by the pituitary. Cutuly Sc 
Cutuly (1938) joined young rats weighing from 50 to 150 g. in parabiosis, and 
removed the pituitary from one of each pair, whose testes thereupon underwent 
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involution. xA.fter castration of the other twin its pituitary produced enough 
gonadotrophin to cause descent of the testes and their restoration to a normal 
functional state in the hypophysectomized partner. If, however, daily injections 
of oestrone or oestradiol at the rate of 5 to 1007 were given to the castrated 
partner repair of the testicular condition in the hypophysectomized twin did not 
occur. 

Yet another experiment illustrating the capacity of an oestrogen to inhibit the 
supply of gonadotrophin from the pituitan" was done by Noble (1938&). He gave 
large doses of diethylstilboestrol to rats so as to render their ovaries inert. When 
this stage had been reached gonadotrophin was administered with the result that 
the ovaries resumed functional activity in spite of a continued dosage with 
diethylstilboestroL 

It is of interest to note that the recognized effects of oestrogen on the functions 
and histology of the adult rat’s pituitary are independent of any direct nervous 
connection between the pituitary and the hypothalamus, for they are produced in 
the same degree after division of the pituitary stalk as in the intact animal 
(Uotila, 1940). 

An inhibitory effect of oestrogen on the gonadotrophic potency of the 
pituitary has been demonstrated in man. Frank & Salmon (1935^), having 
verified the presence of gonadotrophin in the urine of fourteen women who had 
been spayed (8), or treated by X-rays to prevent conception (2), or who had 
passed the menopause (4), treated them by intramuscular injections of oestrone 
benzoate every other day until amounts ranging from 4,000 to 22,000 r.u. had 
been gwen. Under this treatment there was a speedy disappearance of gonado- 
trophin from the urine, an effect which lasted for periods of 28 to 70 days. Others 
have made similar observations. Jones & MacGregor (1936) gave oestradiol to 
ten women who had passed the menopause. Six received 1,500,000 m.u. in 
60 days, two had 1,000,000 m.u, in 46 days and two had 500,000 m.u. in 20 days. 
In all the ten women the excretion of detectable gonadotrophin, which had 
previously exceeded 50 m.u. per litre of urine, was abolished. 

A more direct investigation of the effect of oestrogen on the gonadotrophic 
power of the human pituitary was made by Rowlands & Sharpey-Schafer (1940). 
They gave daily intramuscular injections of 10 mg. of oestradiol to four w’omen 
who were dynng of different diseases. After death their pituitaries were dried, as 
also were the pituitaries of five other women who had not received oestrogen 
before death. The dried pituitary substance obtained from these individuals was 
tested on young female rats whose pituitaries had been removed 10 days previ- 
ously. Each rat received five daily doses of dried pituitary^ and -was killed 24 hours 
after the last injection; the effects upon the ovaries and uterus were then ascer- 
tained. The results proved that the pituitaries of the women who had been treated 
with oestradiol possessed much less gonadotrophic influence than those of the 
women who had received no such treatment. These observers reported also that 
10 mg. of oestradiol given daily to a spayed woman caused a disappearance of 
gonadotrophin from the urine. 

Inhibition of the production of FRH by oestrogen. Hisaw, Fevold, Foster & 
Hellbaum (1934), who regard FRH and LH as two distinct components of 
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gonadotrophin, affirm that the immediate effect of oestrin on the pituitary is to 
stimulate the production of LH while suppressing the supply of FRH. During 
dioestrum, they say, the FRH content of the pituitary is at a maximum; 
with the rapid increase of oestrin production during proestrum and oestrum 
the FRH formation falls to a minimum while the output of LH reaches its 
maximum. 

Hohhveg (i 934) has made observations which accord with this view. He found 
that when oestrin is given to immature rats no increase occurs in the size of the 
ovaries and luteinization is absent ; that is to say, oestrin has not stimulated the 
production of FRH, and luteinization is absent because there are no follicles in 
a condition to react. In mature rats oestrin causes enlargement of the ovaries with 
excessive luteinization, an indication that it has stimulated the production of LH. 
The influence of oestrin in the maintenance of corpora lutea may perhaps be 
attributed to this effect. Selye, Collip & Thomson (1935) reported experiments 
which favour the view that oestrogens cause an increased supply of LH. They 
gave 5007 of oestrone daily to eight pregnant rats. Gestation was prolonged and 
most of the embryos died undelivered. In one instance the corpora lutea were 
still fully developed and apparently functional at the end of the gestation period, 
whereas in normal circumstances they should have undergone involution before 
this stage. When given to lactating rats oestrin caused an increase in the size of 
the ovaries owing to enlargement of the corpora lutea. 

According to Fevold, Hisaw Sc Creep (1936^2) the increased production of LH 
by the pituitary caused by giving oestrin is a temporary effect which decreases 
with continued treatment. Lipschutz (1935) and Lipschiitz, Palacios & Akel 
(1936) are of the same opinion. They gave from 5 to 20 r.u. of oestrone to normal 
rats daily for 6 to 10 weeks ; the rats were then killed and the anterior lobes of their 
pituitaries, after trituration in Ringer’s solution, were injected into infantile 
female rats. Infantile control rats were given pituitaries prepared in the same 
way from normal rats. While the ovaries of the control rats in every instance were 
stimulated to activity and showed the presence of corpora lutea in response to the 
pituitary injections, those which had received pituitaries from oestrin -treated rats 
showed a less striking response (Table 27). 


Table 27. The effect of prolonged treatment with oestrone on the luteinizing 
potency of the rat’s pituitary (Lipschiitz, Palacios & Akel, 1936) 


Pituitary donor rats 
53 normal males 

56 males treated with oestrone for 3J to 10 weeks 


Amount of 
anterior 
pituitary' 
given 
(nig.) 
8-21 
14-28 


Number of Number of 
recipient recipients showing 
infantile luteinization 
rats in ovaries 


13 13(100%) 

22 10 (46 %) 


The experiments just mentioned suggest that the immediate effect of oestrogens 
on the pituitary is to stop the production of FRH and to cause an increased output 
of LH, and that a continued supply of oestrogens suppresses the output of both 
FRH aad LH. The nature of the inhibitory action of oestrogens on the gonado- 
trophic potency of the pituitary awaits elucidation. 
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Hamburger (1936) performed some experiments which seem to show that the 
inhibitory action of oestrogen takes place within the pituitar}^ and may be due 
to a neutralization of gonadotrophin already present in that organ. He gave 
daily subcutaneous injections of 50 m.u. of ‘antex’ — a gonadotrophic extract 
obtained from pregnant mare’s serum — to normal and spayed rats during periods 
varying from 9 to 86 days ; and to some of the spayed rats oestrin was given in 
addition. The sera of the rats treated in this way were then tested for gonado- 
trophic potency by injecting them into immature female mice, the weights of the 
ovaries in these mice being taken to indicate the degree of gonadotrophic potency 
of the different sera. It will be seen (Table zS) that the potency of the serum was 
increased in spayed but otherwise untreated rats and in normal rats treated with 
‘aatex’, and greatly increased in spayed rats treated with ‘antex’. The figures also 
show that oestrin largely prevents an increase of potency in the sera of the spayed 
rats treated with "antex’. Hamburger pursued the matter further by testing the 
effect of oestrin on the gonadotrophic potency of the serum of hypophysec- 
tomized rats which were receiving* antex’ in addition. His results indicate that the 
presence of the pituitary is essential for the inhibitory effects of oestrin on the 
gonadotrophic potency of the serum. Fevold & Fiske (1939) say that both oestrin 
and LH, given for a period of 8 days, will inhibit the action of FRH on the 
ovaries of normal immature rats. If the same treatment is applied to hypo- 
physectomized immature rats, oestrin will no longer prevent the action of FRH, 
though LH will do so. They believe that the inhibiting agent is either LH 
produced in the pituitary under the influence of oestrin or a factor closely 
associated with and inseparable from LH. 

Table 28. The gonadotrophic potency of rat serum as affected by (r ) repeated in- 
jectionsof gonadotrophin, (2) hypophysectomy and (3) spaying (Hamburger, 1936) 



Number 

Previous 

Number 

Average weight 
of one mouse 

Condition of rats from which 

of 

hormonal treat- 

of test 

ovarv'" 

serum was taken 

rats 

ment of rats 

mice 


Nomial 

29 

None 

31 

1*1 

Normal 

50 

A.ntex 

4.9 

rS 

Spayed 

29 

None 

27 

1*5 

Spayed 

32 

Antex 

33 

5-8 

Spayed 

10 

.■Vntex 4- 
Oestrin 

10 

2-S 

Hypophysectomized 

9 

Ajitex 

10 

5'4 

Hypophysectomized and spayed 

12 

Ajitex 

14 

6*5 

Hypophysectomized and spayed 

9 

Ajitex-f 

Oestrin 

9 

5-9 


In this table the ovarian weight is the index of gonadotrophic potency. 


Oestrogens affect also the lactogenic potency of the pituitary^ (p. 33S). 

(b) Androgen. Androgens resemble oestrogens in the check which thev im- 
pose on the supply of gonadotrophin from the pituitary. ]\Iaore & Price (r 930) 
treated immature rats with androgen and noted that although their accessory 
genital organs were well developed under this treatment the testes were atrophic. 
Ihrke & D’ Amour (1931) found that daily injections of an androgen obtained from 
bulls’ testes suppressed oestrus in the female rat for as long as they were con- 
tinued. If, however, rats so treated were given gonadotrophin at the same time 
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they showed oestrus within 2 or 3 days. This result suggests that androgen, like 
oestrogen, interferes with the supply of gonadotrophin from the pituitary. Moore 
& Price (1932) confirmed the results obtained by Ihrke & D’Amour; they found 
that injections of a testicular androgen arrested oestrus in the female rat and if, 
during this artificially maintained anoestrous period, gonadotrophin were given in 
addition to the androgen, oestrus ensued within 48 hours. 

Martins & Rocha (1930, 1931) united in parabiosis immature female rats aged 
19 to 30 days with castrated males of the same age. Every other day one or two 
testes from 30-day-old rats were pulped and injected subcutaneously into the 
castrated male partners of the parabiotic pairs. Without these injections the pitui- 
tary of the castrated male produced enough gonadotrophin to cause precocious 
oestrus in the female partner within a few days. The injections of testis pulp into 
the castrated male prevented this reaction in the female. The conclusion is that 
the injected testicular substance inhibited the excessive production of gonado- 
trophin by the castrated rat’ s pituitary. It is interesting to note that this inhibitory 
control by the testis over the pituitary was found to be already present in the 
testes of immature rats only 30 days old. 

In other experiments Martins, Rocha & Silva (1931) united in parabiosis two 
male rats, one of which had been castrated. In consequence of the over-activity 
of the castrated rat’s pituitary the prostate of the non-castrated partner became 
hypertrophied. This prostatic hypertrophy, they found, could be prevented by 
injecting testicular mush into the castrated rat. 

Until the gonadal hormones had been obtained in pure form the precise 
identity of the agents to which many of the experimental results just quoted 
might he attributed was uncertain. Since this difficulty has been overcome by 
the chemists it is surprising how reliable were the conclusions drawn from the 
use of unpurified biological extracts. Later experiences with the use of chemically 
pure androgens have confirmed the opinions derived from earlier work done 
with cruder preparations. Only a few examples of these later experiments need 
be given. 

McCullagh & Walsh (1935) joined a number of pairs of male rats in parabiosis 
and castrated one of each pair. The excessive production of gonadotrophin by the 
pituitary of the castrated partner led to hypertrophy of the prostate and seminal 
vesicles of the non-castrated partner. This effect, they found, could be entirely 
prevented by giving subcutaneous injections of androsterone to the castrated rat. 
Moore & Price (1937) treated rats with repeated injections of androsterone and 
then tested the gonadotrophic capacity of their pituitaries by implanting them 
into immature female rats. The results proved that the gonad-stimulating potency 
of the pituitaries of the androgen-treated rats was less than that of the pituitaries 
of the untreated control animals. They found further that daily injections of 
androsterone given to young male rats hindered the development of the testes so 
that they weighed only 1 2 to 50 per cent of the normal weight as shown by con- 
trols, a loss which could be attributed to a diminished output of gonadotrophin 
from the pituitary. Bottomley & Folley (19386) found that 2-36 mg. of testo- 
sterone given daily to immature male guinea-pigs led to a great reduction in the 
weights of their testicles. This atrophy was prevented if gonadotrophin were 
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giyen in addition to the testosterone. Hamilton & Wolfe ( 193 8) performed experi- 
ments on rats Arhich prove that testosterone propionate, like androsterone, sup- 
presses the gonadotrophic capacity’ of the pituitary'. 

Hertz & Meyer (1937) put immature female rats in parabiosis with castrated 
males. The enhanced output of gonadotrophin from the pituitaries of the 
castrated males caused enlargement of the ovaries in the female partners. 
If testosterone or dehyd roan droste rone were giv’en to the castrated partners 
in sufficient amount the ovarian enlargement did not occur. Cutuly & Cutuly 
(1938) carried out an experiment which shows ver\" well the inhibitory' effect of 
a pure androgen on the gonadotrophic functions of the pituitary^ They joined in 
parabiosis y’oung male rats weighing between 50 and 150 g. and removed the 
pituitary from one of each pair. This was followed in the hypophysectomized rat 
by testicular atrophy, retention of the testes within the abdomen, and involution 
of the accessory generative organs. If now the normal partner were castrated, the 
scrotum of the hy^pophysectomized male became flushed, the testes descended 
and together with the entire genital tract gradually resumed a normal state. This 
showed that castration had led to a sufficient increase in the output of gonado- 
trophin by the pituitary of the castrated rat to supply the defect of this hormone 
in the partner whose pituitary had been removed. Testosterone propionate given 
to the castrated rat in daily doses ranging from 50 to 3,000 y prevented the 
restoration of the generative organs of the hypophysectomized partner. Hellbaum 
& Greep (1943), as the result of an extended inquiry^ concluded that test- 
osterone propionate, given in daily doses of 0-5 mg., diminished the concentration 
of FRH in the blood of castrated rats. 

(c) Progestin. Like oestrogen and androgen, the specific hormone of the corpus 
luteum curbs the gonadotrophic activity of the pituitary’ and thereby regulates 
oestrus and ovulation. 

Tjidirect evidence. Loeb (1914) noticed that extirpation of the corpora lutea 
in the guinea-pig was followed by an earlier onset of the next ovulation and that 
this occurred even if the animal were in the early stage of pregnancy. jMoreover, 
an artificially caused extrauterine pregnancy, which led to degeneration of the 
corpora lutea, was accompanied by owlation in spite of the presence of a living 
embryo within the abdomen. These phenomena suggest that the luteal hormone, 
progestin, inhibits ovulation. 

Papanicolaou (1920), also using the guinea-pig, found that removal of the 
corpora lutea within 24 hours after oestrus and OMjlation accelerated the onset of 
the next oestrum, the interval between the successive oestra being reduced to 
1 1 days instead of the normal 16-17. Removal of the corpora lutea on the 4th, 8th 
or 1 2th day after oestrus also reduced the interval. From these facts Papanicolaou 
concluded that the corpora lutea inhibit oestrus. Subsequently (1926) he proved 
by experiment that a lipoid extract of corpora lutea inhibits oestrus and ovulation 
in the guinea-pig. Parkes & Bellerby (1928) prepared an extract from cows’ 
corpora lutea which inhibited oestrus in the mouse. Gley (1928) effected a similar 
inhibition of oestrus in the rat by means of an extract of sow’s corpora lutea, and 
Smith & Engle (1932) were able to prevent menstrual bleeding in the monkey by 
daily injections of progestin. 
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Comer (1935) gave daily doses of i rb.u. of progestin to each, of six rhesus 
monkeys with the result that no menstrual bleeding occurred so long as the 
administrations were continued, whereas after cessation of the injections uterine 
bleeding occurred within 5 to 8 days. Selye, Browne & Collip {1936) arrested the 
oestrus cycles in young adult rats by daily injections of 4 mg. of progesterone. 
This treatment caused atrophy of the ovary and enlargement of the pituitary 
gland (Table 29), and vaginal smears showed dioestrus throughout. 

Table 29. The effect of progesterone on the ovary and pituitary of 
the rat (Selye, Browne & Collip, 1936) 

Daily dose of Duration of Average weight Average weight 
progesterone experiment of ovaries of pituitary 

(mg.) (days) (mg.) (mg.) 

Untreated controls o la 39 

Treated 4 13 30 13*5 

During pregnancy, pseudopregnancy, and lactation, that is to say in the pre- 
sence of active corpora lutea, the gonadotrophic potency of the pituitary is 
reduced. 

Burrows (1939c) found that i mg. of progesterone given three times a week to 
young Wistar rats prevented the descent of the testes into the scrotum — an effect 
which is also produced by androgens and oestrogens, both of which types of 
hormone are known to check the supply of gonadotrophin by the pituitary. 

Direct evidence that progestin curtails the supply of gonadotrophin from the 
pituitary has been obtained by Herlant (1939) who treated adult rats with pro- 
gesterone for varying periods at the end of which their pituitaries were removed 
and implanted into immature female rats weighing between 30 and 40 g., each of 
which received three pituitaries on three successive days and were killed 2 days 
later. The results were as follows: 

(A) Pituitary implants from rats which had been given 13 injections of 0-35 mg. 
during 15 days, and from rats which had received six injections of 0*5 mg. of 
progesterone during 1 0 days failed to cause an increase in the size of the ovaries 
and uterus in the infantile recipients as compared with controls which had re- 
ceived pituitaries from normal rats. 

(B) Pituitary implants from rats which had received i mg. daily of pro- 
gesterone during 4 days only caused a different effect, the ovaries and uterus in 
the recipients being larger than those of controls. The latter result is attributed 
by Herlant to an increased production of luteinizing hormone by the pituitary 
under stimulation by progestin. 

Burrows (1939^) gave daily subcutaneous injections of 5 mg. of progesterone 
dissolved in sesame oil to six young adult male Wistar rats, six other rats of the 
same age and strain being given injections in the same way of sesame oil alone. 
On the 5th day the rats were killed and their pituitaries were implanted into 
infantile mice weighing between 10 and 13 g., each mouse receiving one 
pituitary. The mice were killed 4 days later and their reproductive organs were 
weighed. In every instance these organs were smaller in the mice which 
had received pituitaries from the progesterone-treated rats than in the controls 
(Table 30). 
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Table 30* The effect of progesterone on the gonadotrophic patency of the rat’s 
pituitary as tested in infantile mice (Burrows, 1939^) 


Source of pituitary' implants 
Progesterone*treated rats 
Untreated rats 
No pituitary given 


Alean weights of organs of recipients expressed in 
mg. per lo g. body weight 


Uterus V^agina Ovaries 

33*9 3Q-7 7*6 

6 o *5 58-3 10*5 

9*1 5*4 


Biddulph, Meyer & Gumbreck (1940) showed the capacity of progestin to 
check the output of pituitaiw^ gonadotrophin in another manner. They placed in 
parabiosis two female rats, one of which had been spayed. The increased output 
of pituitary gonadotrophin by the spayed rat caused constant oestrus in the 
partner. If i mg. of progesterone was given daily to the spayed partner the 
hypersecretion of its pituitary was suppressed and the persistent oestrus in the 
non-spayed partner ended. 


Gonadotrophins 

The effects produced by the artificial administration of gonadotrophin will have 
to be considered again later in connection with pituitary^ cytology and acquired 
resistance to gonadotrophic extracts ; our attention at present will be limited there- 
fore to the early effects of artificially- given gonadotrophin on pituitary- function. 

Kuschinsky (1931) gave daily subcutaneous injections of placental gonado- 
trophin or of oestrin to normal and spayed female rats which W'ere killed after 
12 days of treatment, their pituitaries being then implanted into immature 
24-day-old female rats weighing between 23 and 27 g. One pituitary^ having been 
implanted on each of four successive days, the recipients were killed on the 5th day 
and their ovaries w^ere weighed. Using the weights of the ovaries as indicating 
gonadotrophic potency it will be seen that this was reduced by both gonado- 
trophin and oestrin in normal rats; but the gonadotrophin had this effect in non- 
spayed animals only, whereas oestrin caused a reduction of pituitary- potency^ 
whether the ov^ary was present or not (Table 31). 

Table 31. The effects of (a) oestrin, {b) placental gonadotrophin on the 
gonadotrophic potency of the pituitary of normal and spay^ed female rats, as 
shown by the ovaries of recipient rats (Kuschinsky, 1931) 


State of donor of 

Hormonal treatment 

Weight of both 
ovaries of recipient 

pituitary 

of donor 

(mg.) 

Norinal 

None 

21-5 

Normal 

Oestrin 

II -2 

Nonnal 

Gonadotrophin 

10-5 

Spayed 

None 

50*5 

Spayed 

Oestrin 

12-5 

Spayed 

Gonadotrophin 

54-5 


Leonard ( 1933 c) confirmed these observ^ations and showed that gonadotrophin 
had comparable effects in the male. He treated a large number of male and female 
rats with dailyTnjections of placental gonadotrophin for periods varying from 10 
to 34 days and then implanted their pituitaries into immature mice, 20 to 22 days 
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old. Using the ovarian weights in the test mice as indicating the gonadotrophic 
potency of the rats’ pituitaries he found that this was significantly reduced by 
gonadotrophin both in male and female rats, but only if the gonads were present 
(Table 32). Leonard therefore concluded that the artificial supply of gonado- 
trophin had stimulated the gonads to produce excessive amounts of gonadal 
hormone which had checked the supply of gonadotrophin from the pituitary. 
Obviously in the absence of gonads these reactions are impossible. That the treat- 
ment of normal rats with gonadotrophin had caused an increased output of 
androgen and oestrogen was shown by hypertrophy of the accessory genital 
organs. 


Table 32. The effects of gonadotrophin on the gonadotrophic potency of the 
male rat’s pituitary as indicated by the ovaries of recipient mice (Leonard, 1933 


Donors of pituitary, all of 

Period of treatment with 

Percentage of deficiency in 

which had been treated with 

gonadotrophin 

weight of ovaries of Recipient 

gonadotrophin 

(days) 

mice as connpared with normal 

Normal males 

9-17 

43*4 

Castrated males 

I2-X4 

37 

Normal females 

10-34 

337 

Spayed females 

11-14 

13*1 


Sex 



Is the gonadotrophic capacity of the pituitary the same in quantity and nature in 
the two sexes? 

The question is not simple, because the functional activity of the pituitary 
varies during the oestrous cycle, being influenced by the gonadal hormones, 
which also vary in quantity and kind at different stages of the cycle. Apart from 
this complication, most of those who have investigated the problem experi- 
mentally have concluded that in ordinary circumstances the pituitary of the male 
after puberty is more potent than that of the female, and some have detected a 
difference in the nature of its activities in the two sexes. Evans & Simpson 
(1929^) inquired into the matter by implanting pituitaries from adult male and 
female rats into infantile rats and estimating the gonadotrophic potencies of the 
implants by their effects on the ovaries and vagina. Some of their results are 
given in Table 33. 


Table 33. Comparison of gonadotrophic potencies of the pituitaries of 
male and female rats (Evans & Simpson, 1929 



Number of 


Percentage of 

Average weight of 


recipient 

Number 

recipients giving 

both ovaries at end 

Source of rat pituitary 

infantile 

of 

oestrous vaginal 

of 4th day 

rats 

implants 

smear on 4th day 

(mg.) 

Normal females 

34 

4 

50 

19*7 

Normal males 

12 

4 

100 

70 

Infantile males (34 days old) 

3 

4 

66 

41 


The results show that the pituitaries of the male rats had a greater follicle 
ripening potency than those of female rats. Even the pituitaries of infantile male 
rats were more potent by these tests than the pituitaries of adult females. The 
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difference between the two sexes in adult life appeared not to depend upon tem- 
porary gonadal influences, for by the same tests the pituitarv^ of the castrated male 
rat was still about zh times as potent as that of the spayed female. 

Ellison, Campbell & Wolfe (1932) injected saline suspensions of fresh rat 
pituitaries intravenously into female rabbits. Using ovulation as the criterion of 
gonadotrophic potency they found that the pituitary of the male rat was more 
potent than that of the female. With 2-5 mg. of pituitar\^ substance obtained from 
male rats eight positive results were obtained in nine tests, whereas with 2*5 mg. 
of female pituitary there were no positive responses in tsvelve tests. On the basis 
of these and additional experiments they concluded that the male rat’s pituitary 
possessed about twice the gonadotrophic potency of that of the female. Schmidt 
(1937), by the same sort of test, showed that the gonadotrophic potency of the 
male guinea-pig’s pituitary^ exceeds that of the female. In man comparable 
obsea^ations have been made. Lipschiitz & Del-Pino (1936) assayed the pitui- 
taries of nine men and eleven non-pregnant women. The gland was removed 
about 10 hours after death, placed for z hours in acetone, and then ground and 
dried. The substance thus obtained was tested on infantile rats and showed that 
the male pituitaries were the more potent. 

Clark (1935), by assays of rats’ pituitaries, concluded that this relative 
superior potency of the male pituitary is only attained at puberty^ before which 
the female pituitary is considerably richer in gonadotrophin than is that of the 
male. She observed a sharp rise in the gonadotrophic potency of the female rat’s 
pituitary between the 13th and 20th postnatal day to a level which is not surpassed 
even at full maturity. In the male there is a slower, continual increase till puberW, 
after which the lev^el is evenly maintained. In further experiments Clark 
(1935) removed the gonads from male and female rats on the day of birth and 
assayed their pituitaries for gonadotrophic potency between the i6th and the 
1 8th day, at which time no difference in potency between the pituitaries of the 
two sexes appeared. These results suggest that the relatively increased potency of 
the female pituitary before puberty as compared with that of the male might be 
attributed to the inhibitory influence of the gonadal secretions on the pituitary, 
for in rats the hormones of the male gonad appear to be secreted at an earlier age 
than are those of the female. Pfeiffer (1936) removed the gonads from newborn 
male and female rats and transplanted them into the eye. In some instances the 
grafts were implanted in this way into rats of the opposite sex. Such ovarian 
grafts in males apparently did not alter the character of the pituitary^ which con- 
tinued to produce FRH only, but testes transplanted into newborn females sup- 
pressed the luteinizing function of the pituitary, so that the hosts only produced 
F'RH, as though they were males. 

From these experiments it appears that the pituitary^ show’s no distinctive 
sexual character at birth, and that the difference in functional capacity w'hich is 
seen later in life between the male and female pituitaries is due to the different 
gonadal influences to which they have been exposed in the early postnatal period. 
As Pfeiffer says, the pituitary^ in the newborn rat is bipotential and remains so 
until puberty, being capable meanwhile of male or female differentiation accor- 
ding to the sex of the gonad present. 
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Smith, Severinghaus & Leonard (1933) implanted material from the pituitaries 
of normal rabbits into infantile female mice, and they found that the pituitaries of 
males were more active in stimulating the infantile mouse ovary than were the 
pituitaries from females; and this diiference between the sexes was still evident in 
the pituitaries of rabbits which had been deprived of their gonads. Nelson 
(1935c) castrated male and female guinea-pigs and at intervals varying from 4 to 
12 months later implanted their pituitaries into immature female rats and mice. 
In this way he showed that in the guinea-pig, as in the rat and rabbit, the pituitary 
of the normal male is considerably more potent than that of the female; he found, 
however, that pituitaries from gonadectomized males and females were of 
equal potency, which was much greater than that of the pituitaries of normal 
animals. 

Besides the quantitative difference in the gonadotrophic potencies of the 
pituitaries of the two sexes which the foregoing observations suggest, qualitative 
differences in their responses to gonadal influence have been reported. Lehmann 
( 1 927) found that transplantation of testes into gonadectomized male rats abolished 
the castration changes in the pituitary ; ovaries did not have this effect. Martins 
& Rocha (1930) also found that the histological effects produced in the rat’s 
pituitary by gonadectomy could be prevented or rectified by engrafting normal 
gonads provided that the donor and recipient were of the same sex. An ovary 
grafted into a spayed female restored to normal the pituitary of a spayed female, 
but not that of a castrated male. On the other hand, a testis graft could repair the 
pituitary defects in the male rat following castration, but not those caused in the 
female by excision of the ovary. In further experiments Martins & Rocha (3930 ; 
see also Martins, Rocha & Silva, 1931) approached the subject in another way. 
They joined male and female rats, 19 to 30 days old, in parabiosis with male and 
female littermates whose gonads were removed at the same time. In one group 
the castrated partners received subcutaneously on alternate days one or two 
pulped testes taken from infantile rats; in the other group no injections were 
given. In the non-spayed females of the latter group precocious puberty ensued. 
Injections of testis into the castrated male of a parabiotic pair prevented the ap- 
pearance of precocious puberty in the non-spayed partner; in the pairs consisting 
of two females, one of which had been spayed, inj actions of testis did not prevent 
precocious puberty. Furthermore a histological examination of the pituitaries 
showed that the usual ‘ castration changes ’ were present in the castrated males 
wEich had not received testis grafts but were absent from those which had 
received grafts of testis. These results, Table 34, suggest that the increased 
gonadotrophic potency of the pituitary caused by gonadectomy can be counter- 
acted by gonadal hormones if these are appropriate to the sex of the individual, 


Table 34. The effects of injecting testis substance into the gonadectomized 
partner of a pair of infantile rats in parabiosis (Martins, Rocha & Silva, 1931) 


Sex of normal 
partner 
Female 
Female 
Male 
Male 


Sex of gonadectomized Precocious puberty 
and injected partner in normal partner 
Male — 

Female ■+ 

Male 

Female -f 
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but not otherwise; and that this selective reaction indicates a sex diiTerence in 
the pitnitaries. 

Moore & Price (1932), experimenting with male guinea-pigs and rats, obsen-ed 
that the 'castration changes' in the pituitary which fallow gonadectomy could be 
prevented, or if present, could be abolished by the administration of testicular 
hormone, but not by oestrogen. 

Two conclusions seem justified by these experiments, namely (i) that grafts or 
extracts of testis will prevent ‘ castration changes' in the pituitar\' of the male but 
not in that of the female, thus showing a sexual diiTerence in the pitnitaries ; and 
(2) that the substance having this effect on the pituitaiy' is already being formed 
by the infantile testis. 

Alartins (1931) has called attention to yet another apparent difference between 
the functions of the pitnitaries in the two sexes. He united infantile female rats of 
21 to 27 days in parabiosis with castrated males and females from the same litter. 
In these experiments the castrated partners, whether male or female, induced 
precocious puberty in the normal female. The effects produced by the two sexes 
were however not identical. When the partner was a spayed female corpora lutea 
nearly always developed in the twin; whenthepartnerwas a castrated male theusual 
response in the twin was maturation of many follicles, corpora lutea being absent. 

Hellbaum (1935) has made a confirmatory^ observation on the horse. Pituitaries 
of mares and stallions were assayed on immature rats, 21 to 22 days old, by giving 
each rat 12-5 mg. of desiccated and powdered pituitaiy^ substance. There was a 
pronounced difference in the effect produced by the pituitaries of mares and 
stallions respectively. The ovaries of infantile rats under the influence of mare's 
pituitary became solidly luteinized, whereas the stallion’s pituitary caused 
maturation of a large number of follicles without luteinization. 

Lipschiitz (1935) states that when ovaries are grafted into gonadectomized 
guinea-pigs the effects produced in the mammae are greater in the castrated male 
than in the female. This inequality of effect is due, he says, to the behaviour of 
the graft which dev^elops differently in the two sexes. In the spayed female 
corpora lutea appear in the graft, an event which never happens with an ovarian 
graft in a castrated male. In the latter the changes in the grafted ovaiy^ do not 
proceed beyond maturation of follicles; though in rats, as Goodman (1934) has 
shown, by giving gonadotrophic extracts prepared from pregnancy urine 
luteinization is caused in ovarian grafts even in the male. Lipschiitz (1938) states 
that if a vagina be transplanted into a castrated male guinea-pig bearing an ov'arian 
graft it will remain in an oestral condition for weeks, a result which can be corre- 
lated with the effects on the mammae and attributed, like them, to a persistent 
production of FRH by the host's pituitary and an absence or insufficient produc- 
tion of LH. 

Lipschiitz (1935) believes that FRH, while it does not itself cause the develop- 
ment of corpora lutea, greatly augments the power of LH to do so, an opinion 
which had already been advanced by Fevold, Hisaw & Creep (1934). When com- 
parisons were made between the effects of giving to infantile female rats a certain 
amount of extract of pregnancy urine plus anterior pituitary substance taken from 
male and female guinea-pigs respectively, the amount of luteinization induced in 
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the rats by the pregnancy urine plus male pituitary was much greater than that 
caused by pregnancy urine plus female pituitary (Table 35). 

Table 35. The effect on the infantile rat’s o^ai^ of placental gonadotrophin plus 
pituitary gland from male or female guinea-pigs (Lipschiitz, 1935) 

Average amount of pituitary Av^erage weight of ovaries as show- 
substance given ing amount of luteinization 

Sex of pituitar}’- donor (mg-) (mg.) 

Male 57'5 39*4 

Female 60*6 20-0 

Lipschiitz & Del-Pino (1936) assayed human pituitaries on rats and found a 
similar difference between the sexes, the ‘ coefficient of luteinization as they call 
it, being higher in the pituitary of the male. Pfeiffer (1936) grafted ovaries into 
male mice and, like Martins and Lipschiitz, he noticed that corpora lutea did 
not develop in the grafts. If, however, luteinizing hormone were injected into the 
host the grafted ovaries underwent luteinization. Pfeiffer noted the absence of 
luteinization in the implanted ovaries in male mice whose testes had been excised 
and grafted ectopically, in non-castrated males, and in males castrated after 
puberty. On the other hand, if castration had been done at birth the grafted 
ovaries produced follicles which became luteinized, showing that the pituitary in 
these circumstances produces both FRH and LH. Implantations of testis into 
newborn females, he found, suppressed the luteinizing function of the pituitary. 
Ovarian transplants did not have a corresponding effect on the pituitary in the 
male. Pfeiffer concludes that the sex-type of the hypophysis is not genetic but 
depends upon hormones elaborated by the gonads during infancy. 

The size of the pituitary in the two sexes. In most of the adult animals, including 
man, in which comparisons have been made, the pituitary is larger in the female 
than in the male, even though the female has a lower body\veight. According 
to Rasmussen (1931) this sexual difference in the size of the pituitary continues 
throughout life. Oestrogen may be the causal agent (see pp. 88, 277). Hatai 
(r9i3&) states that the greater size of the pituitary in the female rat over that of 
the male begins at about fifty days of age, and that gonadectomy is followed by 
an increase in the weight of the pituitary in the male but not in the female 
rat. The median sagittal plane of the pituitary fossa in a series of adult human 
skulls examined by Burrows, Cave & Parbury (1943) was found to be considerably 
larger in the male than in the female. Unfortunately the relationship of this 
measurement to the size of the pituitary is not known (see p. 92). 

Nutrition, including vitamin deficiency and 
general physical development 

The importance of nutrition in the breeding of domestic animals and in egg- 
laying by fowls is generally recognized. Nutritional deficiencies may affect the 
reproductive organs indirectly by their influence on the gonadotrophic activity 
of the pituitary, or directly by their influence on the gonads. 

[a) Chronic underfeeding. Papanicolaou & Stockard (1920) kept female 
guinea-pigs on a daily ration of 20 g. of carrot, which was enough to support life 
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but preveated the animals from attaining normal weights^ and they found that 
oestrus was suppressed or delayed under this regimen. Their obsen’ations were 
confirmed by Loeb (1921), who noted in undernourished guinea-pigs an absence 
of mature ovarian follicles and a suppression of oestrus. The same result occurs in 
rats which are maintained on a diet which is qualitatively sufficient and defective 
only in amount (Evans 5 c Bishop, 1922^). Mason (1933) placed male rats weigh- 
ing between 105 and 112 g. on decreasing amounts of bread and milk until their 
weights were reduced to between 70 and 80 g., at which it was maintained. This 
treatment caused severe damage to the seminal epithelium, which could be re- 
paired by a generous diet. If younger rats were underfed their testes failed to 
reach the mature condition. ?^Iason Sc Wolfe (1930), having submitted rats to a 
prolonged period of underfeeding, tested the gonadotrophic potency of their 
pituitaries as compared with those of littermates or stock rats of the same weight 
at death which had been given unrestricted amounts of the same diet The 
pituitaries of the underfed animals showed by this comparison a significant de- 
crease of gonadotrophic potency. Moore & Price (1932) examined the effects of 
gonadotrophins on the injured generative organs of male rats which had been 
subjected to underfeeding, and found that these hormones, as well as testicular 
extracts, caused restoration of the atrophied accessory organs, though testicular 
extracts did not repair the seminal epithelium. Werner (1939) kept adult spayed 
and non-spayed female rats on a diet which was correct in quality but deficient in 
quantity. After periods of i to 4 months the rats had lost between 30 and 50 per 
cent of their original bodyweights, which had been between iSo and 260 g. when 
the restricted feeding began. The rats together with controls were now killed and 
their pituitaries were implanted into 22-day-old female mice at the rate of one 
pituitary to each mouse. The mice were killed 96 hours later and their ovaries and 
uteri weighed. The results show that the semistarvation had caused a considerable 
reduction in the gonadotrophic potency of the pituitaries in the underfed rats 
(Table 36). 


Table 36. The effect of underfeeding on the gonadotrophic potency of the rat’s 
pituitary as tested on immature female mice (Werner, 1939) 


Donor of rat pituitar>’ 

Adult, normal 
Adult, underfed 
Adult castrate, well fed 
Adult castrate, underfed 


Average weight of ovaries 
in test mice 
(mg.) 


Average weight of uterus 
in test mice 
(nig.) 


4*2 

3-6 

8*3 

3*9 


29*5 

9*8 

34*4 

i8'4 


From these experiments it may be concluded that the defects caused in the 
reproductive system by prolonged underfeeding are reversible and arc attribut- 
able mainly to an inability of the pituitary of the underfed animal to produce a 
sufficient supply of gonadotrophin. 

Mills (1959) states that the onset of sexual functions is affected by general 
physical development. The writer has observed in rats and mice that descent of 
the testes is correlated to some extent with the individual’s rate of growth. In a 
single litter the date at which the testes descend in the different individuals has 
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some correspondence with the weight of each animal; that is to say the heaWer the 
individual the sooner will his testes descend into the scrotum. These casual 
observations, which at present are unsupported by arithmetical data, if estab- 
lished by further work, would help to illustrate the favouring effect which good 
nutrition has upon the production of gonadotrophin by the pituitary. 

(b) Deficiency of vitamin- B complex, Marrian & Parkes (1928) examined the 
testes of pigeons which had been kept on a diet deficient in vitamin-B, and 
described the changes as similar to those caused by retention of the testes in the 
abdomen, vasectomy, or exposure to sterilizing doses of X-rays; that is to say, 
there was a successive degeneration of the spermatozoa and spermatocytes in 
order of their maturity, with a relative or absolute increase of the interstitial 
tissue. In further, experiments (1929 a) they compared the effects on female rats 
of a complete diet deficient in quantity but containing an excess of vitamin-B 
with those of an unlimited diet deficient in vitamin-B. The results of the two 
different diets on the ovaries and accessory genital structures were the same. 
Oestrus was suppressed, the ovaries contained atretic follicles without new 
corpora lutea, and the uterus resembled that of a rat which had been spayed. Rats 
treated in either of these two ways went into oestrus within 2 or 3 days if given 
daily subcutaneous injections of a watery suspension of normal rat’s pituitary, 
each dose representing the pituitary of one male rat; and the ovaries now showed 
numerous corpora lutea, while the uterus was in the condition normal to oestrus. 
Moore & Samuels (1931) repeated these experiments, using male rats. They found 
that semistarvation and deprivation of vitamin-B produced similar effects on the 
gonads. At the end of 73 days of experimental feeding the testes of the rats in 
both groups appeared to be normal except perhaps for some reduction of the 
cytoplasm of the interstitial tissue; and spermatogenesis was in progress, though 
the prostate and seminal vesicles were atrophic and not secreting. After a biopsy 
some of the animals were given i r.u. each of androgen daily, and others were 
gwen pituitary extract. The consequences in both cases were alike; within ro 
days the prostate and seminal vesicles were restored to a normal secreting condi- 
tion. Moore & Price (1932) report similar results. Parkes (1928&) had already 
shown that rats kept on a diet deficient in vitamin-B remained in a condition of 
anoestrus and that if, when this stage had been reached, daily injections of 10 m.u. 
of oestrin were given, the changes associated with oestrus appeared in the acces- 
sory organs unaccompanied by ovulation. He thus showed that a deficiency of 
vitamin-B does not cause anoestrus by rendering the accessory organs incapable 
of responding to oestrin (see also Moore, 1935 a). 

Evans & Simpson (1930) caused anoestrus in rats by maintaining them on a diet 
deficient in vitamin-B. When this stage had been reached they gave the rats im- 
plants of normal pituitary gland, with the result that follicular maturation, 
oestrus and ovulation ensued. They also kept male rats on a vitamia-B deficient 
diet from the time of weaning. Forty days later the rats were killed and their 
pituitaries were tested for gonadotrophic potency on immature females in the 
usual way. The results showed that the pituitaries of the rats deprived of a full 
ration of vitamin-B were deficient in gonadotrophic potency when compared 
with those of littermate and other controls which had received a normal diet. 
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From these various experiments it appears that (i) semistarvation and (2) a 
deficiency of vitamin-B complex with an otherwise complete diet both cause a 
reduction of the gonadotrophic potency of the pituitar\’, with a suppression of 
ovarian and testicular function as a consequence of the pitnitar}'" defect. The 
mechanism of sterility in these instances differs from, that of sterility caused by 
deficiency of vitamins A or E, as will appear. 

(c) Vtiamifi’-A deficiency. One of the earliest signs to be detected in rats which 
have been kept on a diet deficient in vitaniin-A is persistent cornilication of the 
vagina, a lesion which precedes xerophthalmia. Evans & Bishop (1922a) pointed 
out the fallacy of regarding the condition as a continuous oestrum. The state of 
the ovaries and the behaviour of the rats toward males show that the cornilication 
is not associated with oestrus; moreover, the cornification does not disappear if the 
rat becomes pregnant (Evans, 1928), nor is it prevented by removing the ovaries. 
Keratinization of various epithelial structures in the body besides the vagina is an 
outstanding lesion caused by vitamin-A deficiency (Wolbach & Howe, 1925), but 
an earlier defect seen in young animals is underdevelopment of the gonads. 
Parkes & Drummond (1926), experimenting with rats, found that in the earlier 
stages of vitamin~A deficiency, though the seminal vesicles were very small, 
spermatogenesis occurred, provided that the testes were in the scrotum, and in 
females ovulation and the formation of corpora lutea took place. They thought 
that at this period sterility was due to physiological debility and disinclination to 
copulate rather than to histological changes in the gonads. In more advanced 
stages in males a gradual degeneration of the seminal epithelium occurs (Gold- 
blatt & Benischek, 1927; Mason & Wolfe, 1930; Evans, 1931; Mason, 1933), 
until in some tubules only a few cells of Sertoli remain; and accompanying this 
testicular degeneration is a pronounced atrophy of the prostate and seminal 
vesicles (Mason, 1933). Mason & Wolfe (1930) placed a number of 25-day-old 
rats on a vitamin- A deficient diet, castrating half the number. When xeroph- 
thalmia was well advanced, their pituitaries, and pituitaries from normal con- 
trol rats of the same weight and sex, were transplanted into immature littermate 
females. Using the w^eights of the ovaries of these recipients to indicate relative 
degrees of gonadotrophic potency in the grafted pituitaries, they found the 
pituitaries of the non-castrated vitamin-A deficient rats were 43 per cent and those 
of the castrated vitamin-A deficient rats 100 per cent more potent than those of 
the control animals. These results suggest that vitamin- A deficiency, apart from 
its degenerative effect on the testes, may enhance the gonadotrophic potency of 
the pituitary. Such a result Avould contrast with those caused by underfeeding 
or a lack of vitamin-B, which, as already noted, reduce the gonadotrophic potency 
of the pituitary. Van Os (1936), however, has reported experiments which 
indicate a diminished potency in the pituitaries of rats maintained on a diet 
deficient in vitamin-A. He kept male rats on a vitaniin-A deficient diet until 
xerophthalmia appeared; the rats were then killed. To some of these rats 
intramuscular injections of gonadotrophin had been given during the last 16 to 
1 9 days of life. The testes, seminal vesicles and preputial glands were weighed and 
examined microscopically. The testes from rats which had not received gonado- 
trophin showed degeneration of the seminal tubules, without any obvious change 
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in the interstitial glandular tissue; the seminal vesicles were small, v/ith low 
cuboidal epithelium, and showed but slight excretory activity. The testes and 
seminal vesicles of untreated control rats were normal, and so also were those 
which, although suffering generally from the effects of vitamin-A deficiency, had 
received injections of gonadotrophin. Some of the results are shown in Table 37. 

Table 37. The effect of gonadotrophin on vitamin-A 
deficient rats (Van Os, 1936) 

Rats aged 94 to 96 days at autopsy. 


Number 
of rats 

Treatment 

Average 
weight 
of rats 
•(g.) 

Average weight Average weight 
of both of both 

testes seminal vesicles 

(mg.) (mg.) 

4 

Vitamin-A deficiency 

120 


150 

2 

Vitamin-A deficiency 
and gonadotrophin 

120 

1,550 

600 

X 

None 

205 

2,000 

610 

2 

Gonadotrophin 

174 

2,340 

1,030 


From these discrepant results it appears that the effects of vitamin-A deficiency 
on the pituitary need further experimental elucidation, 

{d) Vitamin-E deficiency. The degenerative changes which occur in the 
spermatic epithelium of animals kept on a diet deficient in vitamin-E have been 
described by Mason (1933), Evans & Burr (1927), and others. They consist of a 
liquefaction of the chromatin of the degenerated spermatozoa and their fusion into 
multinucleated masses. As the condition progresses the spermatocytes and 
spermatogonia undergo a similar process of destruction, and the Sertoli cells may 
be affected in the later stages though many remain as a rule even when the con- 
dition is advanced. Some, including the writer, have thought that this degenera- 
tion of seminal epithelium is accompanied by an increase of the interstitial 
glandular tissue. Others have failed to observe such an increase or have explained 
an apparent increase as attributable, not to glandular cells, but to macrophages 
which have accumulated in the intertubular spaces of the testis owing to the 
presence of intensive epithelial degeneration (Evans & Burr, 1927). Nelson 
(1933) tested the gonadotrophic potency of the pituitaries of male rats which had 
been kept on a diet deficient in vitamin-E and found the potency raised, though 
the increase was not so great as that caused by castration. The pituitaries of males 
deprived of vitamin-E showed also histological changes similar to those which 
follow castration. On the other hand Nelson did not find any enhancement of 
gonadotrophic potency in the pituitaries of females which had been maintained 
on a similar E-deficient diet. 

Like that which follows castration, the enhancement of pituitary activity caused 
by vitamin-E deficiency is confined to the production of FRH, the formation of 
LH being impeded. This is exemplified in experiments by Rowlands & Singer 
(1936), who discovered that to induce ovulation and luteinization in the rabbit’s 
ovary pituitary extracts from E-deficient male or female rats had only half the 
potency of similar extracts made from normal rats. Drummond, Noble & Wright 
(1939) found that after an E-deficient diet the pituitaries of male rats showed an 
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enhanced gonadotrophic potency when tested on immature rats, whereas those 
of female rats which had been fed in the same way had a reduced potency. 
Obser\^ations by AIcQueen-Williams (1934^2) do not accord with those of the 
other workers just quoted; he assayed the pituitaries of female rats which had 
been kept on an E-deficient diet and found that they had more than twice the 
gonadotrophic potency of those taken from normal females, so that in his ex- 
periments the deprivation of vitamin-E seems to have affected the pituitaries of 
female rats in the same \va\^ as those of males. 

These experimental results suggest that a lack of vitamin-E exerts in males a 
specific deleterious action on the testes, and that the changes which ensue in the 
gonadotrophic potency of the pituitary are in the main secondary to the testicular 
injury. The pituitary" also suffers from the dietary defect, for in female rats main- 
tained on an E-deficient diet Barrie (1937) noticed degranulation of the eosino- 
phile and basophile cells, these histological changes being accompanied by" signs 
of pituitary deficiency, including stunting of bodily development and hypoplasia 
of the thyroid. 

The foregoing remarks indicate that either (i) chronic underfeeding or (2) a 
deficiency of vitamin-B complex reduces the gonadotrophic potency of the 
pituitary by a direct action on that gland; Avhereas a deficiency of vitamin-E 
injures the testis directly and so, like castration, brings about an enhanced 
production of FRH and a lessened production of LH by the pituitary. In 
females, experimental results do not all agree, but the balance of evidence 
suggests that a vitamin-E deficiency^ directly causes some injury to the pituitary^ 
and so reduces its gonadotrophic potency. 

Although there may be some difference of opinion about the exact manner in 
which the effects of vitamin-E deficiency on the testis are produced there seems to 
be no doubt that they are irreversible or nearly so ; in this respect they are unlike 
those caused by underfeeding or by a lack of vitamins A and B. 

A possible source of misunderstanding when the results of vitamin-E 
deficiency are being studied is the fact that this deficiency apparently interferes 
with the storage of vitamin-A and so reduces its reserves. Internal secretions 
other than those of the gonads may" affect the gonadotrophic activity^ of the 
pituitary. The production of these internal secretions may’' be interfered with by 
defects in nutrition and so cause gonadal lesions which might be misinterpreted 
as direct consequences of the nutritional defect (see Biddulpli & Meyer, 1941). 

The influence of the thyroid on the gonadotrophic potency of the pitidtarw 
Evans & Simpson (i 930) gave i g. of fresh beef thyroid daily to female rats. 
Thyroidectomy was done on littermates of these rats and yet others were kept 
as controls. After a time the rats were killed and their pituitaries were weighed 
and assayed for gonadotrophic activity. The relative weights were as follows : 

Fed \vith thyroid Untreated Thyroidectomizcd 

(mg.) ' (mg.) ims.) 

8-8 lO’O 12-0 

The pituitaries of the thyroid-fed rats, though smaller, had greater gonado- 
trophic potency than those of the animals whose thyroids had been removed. 

For the influence of the adrenals on the pituitary" see pp. 443, 448. 



Chapter III. Factors Tjohich influence the Reaction of the Gonads 

to Gonadotrophins 

Age. Season. Nature and mode of preparation of the gonadotrophin. Synergism and 
augmentation. Delayed absorption. Divisional dosage. Site of introduction. Acquired resistance 
to the action of gonadotrophin. Difference in responses by different species. Temperature. 

Age 

Tests for pregnaacy in women, which, depend on the presence of gonadotrophin 
in the urine, have shown incidentally that precocious puberty can be iudnced in 
mice and rats by supplying gonadotrophin in excess. It follows that the gonads 
of these animals can respond to gonadotrophin at a date which precedes the 
normal onset of puberty. From this and other experimental facts already quoted 
it may be assumed that puberty in normal circumstances depends mainly on the 
quantity or quality of gonadotrophin produced. Nevertheless the reactivity of 
the gonads must be considered, for there is, in some animals at least, an early stage 
of postnatal life during which the gonads will not respond to gonadotrophin in 
the same way as they would later on. When we review the experimental work on 
which these remarks are founded, it becomes apparent that the interstitial 
glandular elements of the gonads wall react to gonadotrophin at a stage of de- 
velopment when the germinal elements still fail to do so. 

(a) Early responsiveness of the glandular interstitial cells of the gonads to gonado- 
trophin. That the interstitial gonadal tissue may become susceptible to stimulation 
by gonadotrophin at a stage of life when the germinal tissues are inert was shown 
by Domm (1931), who implanted fowl pituitaries daily into immature brown 
leghorn chicks, beginning when they were between 28 and 59 days old. These 
implants caused enlargement of the gonads and accessory sexual structures, in- 
cluding hypertrophy of the oviduct and comb, while the ovarian follicles and 
seminal tubules remained unaffected; the interstitial glandular elements in the 
gonads of both males and females were not only enlarged, but were functionally 
active. Domm & Van Dyke (1932) amplified these experiments and obtained the 
same results, except that they found the ovarian follicles were somewhat larger 
than in controls, though there was no maturation. They used white leghorns, and 
gave them daily injections of a gonadotrophic extract (‘hebin’) prepared from 
sheep’s pituitaries; the fowls were between 21 and 47 days old when the treat- 
ment began. Asmundson & Wolfe (1935), giving daily injections of pregnant 
mare’s serum into leghorn fowls which were between 42 and 91 days old at the 
start of the experiment, obtained confirmatory results, that is to say the ovaries 
were increased in weight, though maturation was absent, and the accessory sexual 
structures were enlarged. In cockerels the testes were swollen owing to hyper- 
trophy of the interstitial tissue and the tubules, but there was no spermatogenesis. 
Bantams, treated in the same way, showed precocious sexual behaviour, and 
premature mating, which was infertile, occurred. When gonadotrophin was in- 
jected into incubating eggs the same gonadal enlargement was caused in both male 
and female embryos owing to an enhanced development of the interstitial glandular 
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elements, but in this experiment there was no evidence that the hypertrophied 
tissue had produced any gonadal hormone. The combs were not enlarged, 
although before chicks are hatched the comb will become enlarged if androgen is 
injected into the egg. No stimulation of the germinal cells was detected. 

Byerly & W. H. Burrows (193S) found that the testes of newly hatched chicks 
become enlarged in response to gonadotrophic extracts or pituitary' implants, a 
fact w'hich they suggest might be used for purposes of assay. 

Results comparable with those obtained in fowls were obtained by Aron ( 1933) 
in foetal guinea-pigs. He opened the abdomens of pregnant guinea-pigs and 
injected the embryos, through the uterine wall, with pituitaiy' extract. The 
embry^os were examined 48 hours later, and the treatment was found to have 
caused hypertrophy of the interstitial tissue in the foetal ovaries and testes . The 
primordial follicles of the ovan- were unaffected. Selye Sc Collip {1933) gave daily 
to rats a gonadotrophic extract which was rich in LH, beginning on the 6th 
postnatal day. After ten injections the ovaries appeared normal to the naked eye 
but under the microscope showed enlargement of the thecal cells, which re- 
sembled those of corpora lutea; the granulosa cells were not luteinized and there 
were no signs of follicular maturation. The change caused in the thecal cells, they 
say, was like that caused by the same gonadotrophin when given to hypophy- 
sectomized female rats. In the course of their experiment these workers found 
that if injections of the gonadotrophin were continued from the 6th postnatal day 
onward they actually prevented follicular maturation, of which there was no sign 
on the 26th day, whereas if the injections were begun on the 2 ist day and continued 
till the 26th premature maturation of the follicles was induced and was followed 
by the formation of normal corpora lutea. 

(&) The influence of age on the response of germinal cells and follicles to gonado- 
trophin, Although the germinal cells in both sexes become susceptible to the 
influence of gonadotrophin at a later stage in life than does the interstitial gonadal 
tissue, yet the germinal tissue will respond to artificially supplied gonadotrophin 
at a period before pubert\\ Corey (1928) injected fresh pituitary material, taken 
from adult rats, into foetal rats and young rats at various interv'als after birth, and 
ascertained what, if any, effects had been produced on the gonads. Observ'ations 
made on 156 rats treated in this way showed that prenatal injections did not hasten 
differentiation of the gonads. The earliest effect on the germinal cells in both sexes 
appeared between the lothand 1 5th days of postnatal life. The same irresponsive- 
ness in the ov'aries of rats up to the 17th postnatal day was recorded by Smith, 
Engle & Tyndale (1934). They gave daily injections of gonadotrophin to young 
rats, beginning on the 6th day after birth. The doses, which were large enough to 
cause a pronounced response in the gonads of adult rats after hypophysectomy, 
did not bring about any enlargement of the ovaries or uterus, and the vagina re- 
mained closed. Similar treatment at the 21st day of life caused enlargement of the 
ovary, increased development of the follicles and opening of the vagina. Irre- 
sponsiveness of the rat’s ovarv^ to gonadotrophin between the i oth and 1 5th post- 
natal days has been noted also by Saunders & Cole (1936). In rats, Collip (1935) 
says, this refractory period lasts until the i8th day after birth. Cole (1936), testing 
gonadotrophin prepared from pregnant mares’ serum, found that it caused pre- 
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mature o\Tilation in most rats on the 25th day; it failed to induce maturation, of 
the follicles in lo-day-old rats, though at this age an increase of the interstitial 
tissue of the ovary followed the injections. Rabbits give much the same results as 
those just quoted. Clauberg (1932) found that the ovaries of immature rabbits 
weighing between 600 and 800 g. showed little response to gonadotrophin, even 
when given in very large doses, whereas the ovaries of rabbits of between i ,200 
and 1,400 g. reacted readily. 

Hertz & Hisaw^ (^934) studied the effects of gonadotrophic extracts prepared 
from sheep’s pituitaries on young rabbits, and they found that rabbits 4 weeks 
old and weighing between 500 and 700 g. showed no ovarian response to doses of 
extract which were enough to cause a maximal response in rabbits of the same 
breed 12 or 13 weeks old and weighing 1,300 g. Rabbits of 10 weeks old gave a 
meagre response to the same doses. 

Corey (1928) noticed that pituitary gonadotrophin fails to affect primordial 
follicles in the rat and is only able to stimulate follicles which already show antra. 
A similar observation has been made by Hertz Sc Hisaw (1934). These authors 
found additional evidence that the failure of the infantile ovary to respond to 
gonadotrophin is due to the condition of the ovary itself. They showed that the 
transference of an infantile rabbit’s ovary to an adult does not render the grafted 
ovary responsive to stimulation by pituitary gonadotrophin. 

Freed & Coppock (1936) state that in guinea-pigs the possession of antra is 
not essential for the responsiveness of ovarian follicles; in older guinea-pigs the 
smallest follicles respond to gonadotrophin. Zephiroff & Dobrovolskaya (1940) 
have suggested that an antisexual factor is formed in the young. From the urine 
of a girl of 4 years they extracted a substance which, given to immature rats 
weighing between 14 and 20 g. at the rate of twenty injections a month, each 
injection representing i c.c. of urine, prevented descent of the testes and checked 
the development of the penis and seminal vesicles. In females the same doses 
prevented vaginal opening and maturation of ova. 

Hypothetically a failure of response might be the result of inhibition, a lack of 
something essential for a response, or some other cause. At present a detailed 
discussion of these possibilities would hardly be profitable ; though reference may 
be made to some observations by Freud (1938), who found that intraperitoneal 
injections of pituitary extract into infantile rats will prevent the development of 
corpora lutea under the influence of subcutaneous doses of chorionic gonado- 
trophin. 

The following observations by Moore, Simmons, Wells, Zalesky & Nelson 
(1934) are also of interest in connection with this subject. Studying the seasonal 
changes in the pituitary of the ground squirrel, they found that, in both males and 
females, during the sexually quiet period no gonadotrophin could be detected in 
the pituitary, which however contained much demonstrable gonadotrophin on 
the approach of the breeding season. Castration, even though done in the non- 
breeding season, was followed by an increased production of gonadotrophin ; from 
which it appears that the gonads of the adult during the season of sexual rest, like 
those of infancy, have an inhibitory action upon the output of gonadotrophin 
by the pituitary. Whatever the circumstances may be which allow the gonads 
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at puberty to respond to gonadotrophin, there is evidence that the immature 
gonad like that of the adult restrains the gonadotrophic activit}" of the pitiiitar}'’. 

{c) Irresponsive 7 iess of the ovary to gonadotrophin after the menopause. With 
advancing age another period of ovarian irresponsiveness ensues, and like that of 
infancy, appears to be due to an inability of the gonad to react rather than to a 
deficient supply of gonadotrophin, for the production of this in adequate amount 
continues. The menopause cannot be explained by supposing an absence of 
ovarian follicles, for these may still exist, in relatively small numbers, after the 
menopause has become established. 

Perhaps the cessation of fertility in the female has not the same cause in all 
species. Zondek & Aschheim (1927^) gave pituitary implants to mice in which 
follicular maturation and sexual activity had ceased, and in some of these mice a 
renewal of oestrus and ripening of follicles ensued. In these mice it seems that 
the termination of sexual life must have been due to a pituitary^ and not to an 
ovarian inadequacy. 

The facts learned by experiment concerning the gonadal reactions to gonado- 
trophin at different periods of life seem to be somewhat as follows: 

I. During foetal life there conies a time when the gonads become enlarged in 
response to gonadotrophin. This enlargement affects the non-germinal elements 
only and is not accompanied by their functional activity. 

z. Later, gonadotrophin causes enlargement and functional activity of the 
interstitial tissue, and perhaps some increase in size of the seminal tubules, hut as 
yet there is no commencing maturation of ova nor spermatogenesis, 

3. Still later, but before puberty would normally appear, there is a complete 
response to gonadotrophin including maturation of ova, spermatogenesis, and 
full functional activity of the interstitial glandular elements of the gonads. 

These results, considered together with the fact that the pituitaries of foetal 
and immature animals possess some gonadotrophic activity, show that gonado- 
trophin can induce precocious puberty in the normal rat and rabbit only after a 
certain stage of gonadal development has been reached. The stage of gonadal 
reactivity may, it appears, be attained at different ages in the two sexes, and is 
reached in some species much earlier than in others. 

Possibly the reactions under consideration are of the same nature as those in- 
duced by embryo logical organizers in competent tissues. When subjected to an 
appropriate chemical organizer a tissue will at one stage react by a specific de- 
velopment, and at another earlier or later stage of its existence will fail to respond 
to the same organizer. 

Season 

A seasonal bias has been noted in the awakening of the reproductive faculties of 
some animals whose breeding activities are limited to one part of the year only. 
The pituitary appears, almost with certainty, to be the prime mover in this 
periodical sexual activity. Nevertheless it would be hazardous to assume that the 
ability or inability of the gonads to respond plays no part in the phenomena. 
Until the matter has been elucidated by experiment, the possibility’’ of a seasonal 
variation in the capacity of the gonads to react to an influx of gonadotrophin may 
be considered. 
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The Nature and Mode of Preparation of the Gonadotrophin 

Gonadotrophic extracts do not all act alike. Differences have been noted between 
placental and pituitary gonadotrophins and between pituitary gonadotrophins 
obtained in different circumstances. As these matters have been discussed already 
(pp. lo, 12). they will not receive further attention here. 

The mode of preparation of gonadotrophic extracts requires a reference, not 
only because it is possible to prepare from a given source two separate fractions 
one of which has mainly a follicle-ripening influence while the chief effect of the 
other is luteinization, but also because the presence of impurities may greatly 
influence a subsequent assay by retarding absorption from the site of injection, and 
so causing a prolongation and enhancement of the result. 

Synergism and Augmentation 

The fact that placental gonadotrophin has little effect when given to animals de- 
prived of their pituitaries (Reichert, Pencharz, Simpson, Meyer & Evans, 1931) 
has suggested that some synergic principle might be formed in the pituitary. This 
idea received added force from observations by Leonard (1933 <2), who gave injec- 
tions of placental and pituitary gonadotrophin separately or together to immature 
mice. In all these experiments the increased weight of the ovaries produced by 
the combined injections was greater than could be accounted for by adding to- 
gether the separate actions of the two hormones. Evans, Simpson & Austin (r 933 <2) 
also found that by combining placental gonadotrophin with pituitary extracts an 
enhanced effect could be obtained. Furthermore, they found that this enhance- 
ment was produced equally well by preparations containing large amounts of 
pituitary growth hormone or of gonadotrophin. Eventually they obtained a 
pituitary extract which was free from detectable growth hormone and gonado- 
trophin and yet exerted with prolan a synergistic effect when given to rats in doses 
as small as 277. The amplifying effect of this extract may possibly have been 
caused by a trace of FRH. Fevold, Hisaw & Creep (i 934) showed that the effect 
on the ovary of a given dose of LH is augmented by the addition of FRH 
(see Jensen, HauschildtSc Evans (1942) for further observations on this subject). 

Delayed Absorption 

Several workers have found that the effect of a dose of gonadotrophin may be 
much increased by delaying the rate of its dispersion from the site of injection. 
This may be done by the addition of any substance which causes a slight inflam- 
matory reaction, for example tannic acid (Fevold, Hisaw, Hellbaum & Hertz, 1 933), 
zinc salts (Maxwell, 1934; Saunders & Cole, 1936 ;Deanesly, 1939), copper (Emery, 
1937), casein and egg albumin (Saunders & Cole, 1936), blood or plasma from 
another species (Casida, 1936), milk, lemon, thyroid, beef-liver (Hellbaum, 1936). 

The writer has ascribed the enhanced effect of gonadotrophin under the in- 
fluences just quoted to delayed dispersion because (i) it is known that delayed 
dispersion will increase the effects of injected hormones and (2) it is known that 
inflammation impedes the dispersion of substances from inflamed tissues. It is 
possible, however, that in particular instances some additional factor may have to 



REACTION OF GONADS TO GONADOTROPHINS 75 

be considered. For example, Fevold, Hisaw & Greep (19366) say that the 
augmentative influence of capper salts on the responses to gonadotrophin cannot 
be attributed to inflammatory fixation onK^ because (r) these salts do not have 
an augmentative effect in the hypophysectomized rat, and (2) they will induce 
ovulation in rabbits when given alone. Others, too, have found it difficult to 
accept inflammatory fixation as a complete explanation covering eveiy^ instance. 
Further experimental results are needed before the matter can be discussed 
adequately. 

Divisional Dosage 

The results caused by injecting a given weight of a gonadotrophic extract will 
var}’^ considerably according to whether it is administered as a single dose or as a 
number of separate doses with an inten'al of time between each; the effects pro- 
duced by the latter method being much in excess of those following a single dose. 

Maxwell (1934) has demonstrated these facts by giving daily doses of gonado- 
trophin to female rats between 21 and 23 days old, for 4 dav’s, hilling them on the 
6th day, and noting the condition of the vagina, uterus and ovaries. Some of his 
results are shown in Table 38. 


Table 38. Increased reaction of infantile rats to gonadotrophin as the result of 
(i) division of doses and (2) delayed rate of absorption (Maxwell, 1934) 


Period of 
injections 


Method (days) 

Single injections per diem of 3 mg. sheep-pituitary' extract 4 

Six injections per diem of 0*5 mg. sheep-pituitaiy' extract 4 

Single injections per diem of 3 mg, sheep -pituitary extract 4 

plus 2nS04 


Average weight of 
ovaries on 6th day 
(mg.) 


25 

55 
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By combining divided doses with the addition of a 10 per cent solutiou of zinc 
sulphate even larger ovaries were obtained. Maxwell states that the efficiency of 
pituitary gonadotrophic extracts may be increased as much as fiftvffold by a 
sufficiently distributed dosage and the addition of zinc salts. If the zinc salt is 
injected separately from the gonadotrophic extract and into another part of the 
body it has no effect on the ovarian responses. 


Site of Introduction 

Another factor which may influence the degree of response to injections of gonado- 
trophic extracts is the site of injection. Evans &: Simpson (1930) gave i c.c. of an 
aqueous extract of placenta daily for 3 days to forty-four immature rats. The 
injections were given subcutaneously to twenty- two of these rats and intra- 
peritoneally to the remaining twenty-two. The results (Table 39) show that the 
subcutaneous route was more effective than the intraperitoneal. 

Table 39. Comparative effectiveness of subcutaneous and intraperitoneal 
injections of placental gonadotrophin in rats (Evans & Simpson, 1930) 

Number of Number with patent vagina and 
imnaature rats oestrous smear on the 4th day 


Route 

Subcutaneous 

Intraperitoneal 


22 

22 


20 

9 
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Collip & Williamson (1936) also have stated that a gonadotrophic extract of 
pregnancy urine is more effective when given subcutaneously than when injected 
into the peritoneal cavity, and Freud (1937) has made the same observation 
concerning a beef pituitary extract tested on young rats (Table 40). 

Table 40. Comparative effectiveness of subcutaneous and intraperitoneal 
injections of pituitary gonadotrophin in rats (Freud, 1937) 


Number of 
rats 

Dose of 
gonadotrophic 
extract 

(mg-) 

Site of injection 

Mean 

bodyweight 

(g-) 

Mean weight of 
ovaries of 
test rats 

(mg-) 

5 

160 

Subcutaneous 

48 

25 

4 

160 

Intraperitoneal 

41 

13 


Acquired Resistance to the Action of Gonadotrophin 

Experimental work has shown that repeated injections of a gonadotrophic extract 
may cause the recipient to become resistant to the hormonic action of that extract, 
either by the formation of antibodies or by some other process not yet . under- 
stood. From this general statement a number of questions arise. To what extent, 
it may be asked, is such resistance attributable to the formation of antibodies 
against foreign proteins; will pituitary gonadotrophin produce a specific re- 
sistance to that formed by the placenta; do FRH and LH induce immune reac- 
tions against each other; can resistance to gonadotrophin be induced in an indi- 
vidual by material derived from his own tissues? A clear-cut and unreserved 
answer is not yet possible to every one of these questions, nevertheless a detailed 
consideration of them is required because of their importance ; and this con- 
sideration will demand, the writer fears, a summari2ed mass of evidence which 
may be tiresome to read. The following experimental results are quoted as a 
groundwork for subsequent discussion. They prove that resistance to the gonado- 
trophic action of a potent extract may become established as a consequence of its 
repeated administration. 

Eourg (1930 <3) noted that if human placental gonadotrophin be injected daily 
into mice the ovarian reaction gradually declines after reaching a maximum on 
the 5th day. Zondek (1935) carried out a similar experiment on mice with the 
same result. Collip, Selye & Thomson (1934) reported the outcome of another 
experiment of this kind. They daily injected pituitary gonadotrophin obtained 
from various animals into twenty-two female rats from the 21 st day of life onward 
and killed the rats after 6 to 10 weeks of treatment. The ovaries of these rats at 
death consisted mainly of interstitial tissue and did not show mature follicles or 
fresh corpora lutea; large cells with eccentric nuclei, resembling the cells seen 
after castration or thyroidectomy, appeared in the pituitary together with other 
histological changes. 

Bachman, Collip & Selye (1934) and Selye, Bachman, Thomson k Collip 
(1934) have described additional experiments, showing that when an injection of 
human placental gonadotrophin is given to a rat which has been rendered in- 
sensitive to its action, the gonadotrophin disappears from the blood of that animal 
more rapidly than from the blood of a normal rat. Female rats of 21 days were 
given daily subcutaneous injections of 100 r.u. of human placental gonadotrophin 
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during 8 mouths. At the end of this period they and untreated control rats were 
given a single intravenous dose of 100 r.u. of the same preparation. All w'ere 
killed I hoar later, the blood of each animal being collected separately and in- 
jected in three doses of 5 c.c. each on three consecutive days into an immature rat 
of 2 1 day^s. With one exception the blood obtained from rats which had been 
previously treated with repeated doses of placental gonadotrophin evoked no 
response in the immature test animals, whereas the blood of all the rats which had 
undergone no previous treatment caused positive ovarian responses. Selye and 
his colleagues found also that by giving the blood of resistant rats to immature 
rats simultaneously with human placental gonadotrophin the action of the latter 
on the ovaries of the immature rats could be prevented. Wolfe (1935 gave daily 
injections of 25 m.u. of gonadotrophin extracted from human pregnancy urine to 
twenty mature female rats for 140 days. When the rats were killed at the end of 
this period he found that the pituitaries and ovaries in most of them were normal 
or below normal in weight, which is not what would be expected if the injections 
had been given for a short time only. Thompson & Cushing (i 937) gave daily in- 
jections of a gonadotrophic extract of sheep -pituitary glands to a female collie 
dog. After this treatment the dog’s serum was found to prevent the action on rats 
of gonadotrophin prepared from (i) the pituitaries of sheep and pigs, (2) the 
urine of women who had passed the menopause, (3) the urine of pregnant W'Dinen 
and (4) the serum of pregnant mares. With infantile rats puberty was delayed as 
long as the antigonadotrophic serum was injected. Similar inhibitory^ results were 
obtained in several species including man. Rowlands & Parkes (1Q37) found that 
prolonged treatment of a goat with, human placental gonadotrophin conferred on 
the goat’s serum a power to counteract in rats and mice the activity not only of 
human placental gonadotrophin but of a gonadotrophic extract prepared from 
the human pituitary. Rowlands (1937) administered boviiie pituitary gonado- 
trophin to rabbits daily for 8 months. Male and female adult rats of 140 g. were 
then injected daily for 14 days with varying doses of serum from these rabbits, 
and killed 24 hours after the last injection. In the females there was an inhibition 
of o'VTjlation and an absence of corpora lutea; in the males there was an atrophy 
of the testes and accessory’’ reproductive organs. The effects produced, according 
to Rowlands, were similar to those which follow hypophysectomy. The anta- 
gonistic body was present in the globulin fraction of the antiserum. Collip, Selye 
& Williamson (193S) say that the daily subcutaneous administration to rats of 
gonadotrophin from pigs’ pituitaries eventually leads to an ovarian atrophy com- 
parable with that occurring after hypophysectomy and accompanied by changes 
in the pituitary resembling those which follow castration. Hertz & Hisaw (1934) 
gave ovine and equine pituitary gonadotrophin twice daily to female rabbits; 
under this treatment the ovaries at first were increased in size, but after 10 days 
of continued treatment they began- to decrease until at about the 1 5th day they 
had reverted to their original dimensions. This refractory state of the ovaries per- 
sisted in rabbits 10 weeks old but was only temporary in adults. Hisaw, Hertz & 
Fevold (1936) found that repeated injections of a gonadotrophic extract from 
horse and sheep pituitaries, given to a monkey, caused a fivefold increase in the 
size of the ovaries at the end of 15 days, but at the end of 20 days the granulosa 
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cells began to degenerate and ultimately disappeared and the ovaries progressively 
decreased in size in spite of continued injections of the gonadotrophic extract. 
This refractory state was only temporary in adults but persisted in juvenile 
monkeys. Twombly & Ferguson(i934.) made preparations of gonadotrophin from 
the urine of men with teratomata of the testicle and injected 100 m.u. of the ex- 
tract daily for 3I- months into female rabbits. At the end of this time the rabbits’ 
sera Avere tested. Infantile mice of 6 to 8 g. were given 4 m.u. of the gonado- 
trophic extract and 0*5 c.c. of the rabbit serum in five doses during a period of 
30 hours. In thirty-nine mice treated in this way there was no response. On the 
other hand, twenty-four infantile mice receiving the gonadotrophic extract 
alone showed large corpora lutea and patent vaginas ; thirteen mice treated with 
the hormone together with normal rabbit serum also showed these positive 
responses. 

[c) To what extent can resistance which has been artificially induced against a 
gonadotrophic extract be ascribed to the formation of antibodies in response to foreign 
protein or protein-like material? In all the experiments just mentioned the 
gonadotrophin used had been obtained from a species different from the one into 
which it was injected. In most of the w^'ork in which antigonadotrophic effects 
have been induced this has been the rule.- A few exceptions in which animals 
appear to have become resistant to gonadotrophins derived from their own species 
will be considered later (p. 82). 

We shall now refer to experiments which afford evidence that the resistance 
produced by repeatedly giving a particular gonadotrophin is largely due to an 
immunity developed against a foreign protein or protein-like body, and that it is 
not, as so much of the literature seems to imply, a reaction which can be described 
correctly as antigonadotrophic. 

Selye, Collip & Thomson (1934^?) reported that the persistent treatment of 
female rats with gonadotrophic extracts of human pregnancy urine led at first to 
enlargement of the ovaries, and that later the ovaries became subnormal in size 
and contained regressing corpora lutea without maturing follicles. It was ap- 
parent that resistance had developed against the preparation used. If now gonado- 
trophin prepared from pig’s pituitary were given, the ovaries became greatly en- 
larged and corpora lutea developed. Fluhmann(i935) found that a gonadotrophic 
extract prepared from human pituitaries repeatedly injected into rats for a period 
of 100 days caused them to produce substances which inhibited the action of 
human gonadotrophic extracts whether prepared from the pituitary or the pla- 
centa but had no inhibitory action against a gonadotrophic extract prepared from 
sheep’s pituitaries. Meyer & Gustus (1935; see also Gustus, Meyer & Dingle, 
1935) state that the persistent administration of gonadotrophin obtained from the 
serum of pregnant mares to a rhesus monkey causes resistance to that hormone but 
not to human pituitary or chorionic gonadotrophin, or to gonadotrophin obtained 
from the pituitaries of sheep. The same sort of result was reported by K. W. 
Thompson (193 7), who discovered that extracts made fromovine pituitaries, which 
produced antigonadotrophic reactions in rats, guinea-pigs, rabbits, dogs, monkeys 
and a horse, failed to cause any such reaction in sheep. Zondek & Sulman (1937) 
gave 250 r.u. of human placental gonadotrophin 4 times a week subcutaneously 
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and twice a week intravenously to rabbits; at the end of 2 months the rabbits’ 
ovaries were atrophic and luteinized and their serum showed antigonadotrophic 
activity toward human gonadotrophin when tested on infantile female rats. The 
antigonadotrophic factor was formed in both male and female rabbits whether 
their gonads were present or not. From this and other experiments Zondek & 
Sulman concluded that resistance to foreign proteins accounted for 99-5 per cent 
of the antigonadotrophic effect. Thej^ also detected some evidence of organ speci- 
ficity ; that is to say, placental gonadotrophin produced a resistance more readily^ 
against placental than against pitnitar}^ gonadotrophin, though the extracts used 
had been derived from the same species. Twombly ( 193 6), having made a detailed 
inquiry into the subject, concludes that the so-called antihormones are antibodies 
formed in response to foreign proteins. He found that gonadotrophic extracts, 
which had been inactivated by heat or by ageing, still retained unabated their 
protective action against fresh gonadotrophic extracts derived from the same 
source. He gave 500 r.u. of a gonadotrophic preparation of human pregnancy 
urine to rabbits daily for 1 2 days, at the end of which time their sera afforded 
complete protection to infantile mice against the same gonadotrophic preparation, 
and on examining the rabbits^ sera he obtained strong precipitin reactions. In 
another experiment he largely inactivated the gonadotrophic preparation by 
heating it in boiling water, so that the potency of a sample was reduced from 
1,250 r.u. to between 2 and 4 r.u. per c.c. This given daily to a rabbit for 18 days 
caused its sera also to protect infantile mice against the action of fresh uninjured 
gonadotrophic extract. In contrast with these results, and supporting the con- 
clusions drawn from them, were some observed in women. Three women were 
given 100 r.u. of placental gonadotrophin prepared from human pregnancy urine 
for 2 weeks, 6 weeks and over a year respectively. None of their sera caused any 
protective effect against the same preparation when given to mice. De Fremery^ 
& Scheygrond (1937), like Twombly, believe that the presence of active gonado- 
trophin may not be essential for the production of resistance to gonadotrophic 
extracts; for a rabbit serum could be made antigonadotrophic by repeated injec- 
tions of a ^negligibly gonadotrophic’ extract. They made an extract from the 
urine of male factory^ workers, 3-9 nig. of which when given to immature female 
rats caused no gonadotrophic response. Daily intravenous injections of 10 mg. 
of this extract were given to a rabbit during 30 days. Six immature female rats 
were then each given r -2 c.c. of this rabbit’s serum and at the same time 5 r.u. of 
‘pregnyl’ — a preparation of human placental gonadotrophin — the serum being 
injected into one side of each rat and the gonadotrophin into the other side. The 
effect of the latter was completely inhibited by the rabbit serum, as was the case 
also when the hormone and the protective rabbit serum were given simultane- 
ously in the same way to male rats. 

Sulman (1937) carried out experiments from which he concluded that the anti- 
genic properties of gonadotrophic extracts are independent of their potency^ as 
hormones; and he found that injections of ‘purified prolan’ into rabbits was not 
followed by the presence of prolan-antibodies in their sera; and serum giving 
pronounced antiprolan reactions showed no prolan antibodies. Sulman also gave 
combined injections of prolan and pig serum to test for hapten properties, with 
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negative results. He concludes that pure prolan is neither an antigen nor a hap- 
ten. Werner (1938) adduced another sort of evidence. He found that two pitui- 
tary extracts, prepared by different methods from the same source and possessing 
equal gonadotrophic activity, varied considerably in antigenic potency. From his 
experiments he concludes that refractoriness induced to gonadotrophic extracts 
is an immune response to foreign protein associated with the hormone and not 
necessarily a reaction to the gonadotrophin itself. 

Simonnet & Michel (1939) gave repeated injections of gonadotrophic extracts 
from various sources into different groups of rabbits and then tested their sera for 
inhibitory properties against several gonadotrophic extracts. Their results (Table 
41) show that the inhibitory reactions were almost entirely confined to the species 
from which the immunizing extracts had been derived. There does not appear to 
be much evidence of any organ-specificity in the results of their experiments. 


Table 41. The production of antigonado trophic sera in rabbits by 
various gonadotrophic extracts (Simonnet & Michel, 1939) 

Source of gonadotrophin against wliich the 


rabbit serum was tested 


Human Pregnant 

> 


Nature of gonadotrophic extract used to 

pregnancy 

mare 

Horse 

Ox 

produce antigonadotrophic rabbit serum 

urine 

serum 

pituitary 

pituitary 

Human pregnancy urine (placental gonadotrophin) 

H- 

— 

— 

— 

Urine from woman after gonadectomy (pituitary 

+ 

-h 

— 

— 

gonadotrophin) 





Serum of pregnant mare (pituitary gonadotrophin) 

— 


— 

— 

Horse pituitary 

— 


4. 

— 

Ox pituitary 

— 

— 

— 

— 


The + sign indicates an inhibition of gonadotrophic action 


In other experiments Simonnet & Michel (r94o) found that the presence of the 
pituitary was not essential for the production of antigonadotrophic property in 
the blood. 

Collip & Anderson (1935), in a study of thyrotrophin, say that the responsive- 
ness of an individual to administered hormone varies inversely with the hormone 
content or production of the subject’s own gland, and that for each hormone 
there is an antagonistic substance. They regard the hormone-antihormone com- 
plex as a buffer system, the endocrine stability of the individual depending upon 
the absolute amount of hormone and antihormone. 

In the majority of the experiments quoted above, organ extracts have been used, 
and these in many instances have been obtained from one species and tested on 
another. The impossibility of determining in these circumstances how much of a 
given result is to be attributed to the hormone and how much to the associated 
impurities renders the value of any result difficult to assess. In experimental work 
of this kind, until it has become practicable to isolate the trophins in pure form, 
the only sure methods of studying their effects without the interference of im- 
purities seem to the writer to be by using homologous grafts of pituitary or 
homologous extracts, or else by joining two individuals in parabiotic union, and 
usually in these instances, as will be shown later, no immunity is induced. 
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Of particular interest, because of their importance to the clinician, are some 
observations by Spence, Scowen & Rowlands (1938), who point out that the pro- 
longed administration of human placental gonadotrophin to human patients does 
not invoke resistance. Rowlands & Spence (1939) gave gonadotrophin prepared 
from pregnant mares’ serum daily or twice daily for 12 weeks to nine boys with 
undescended testis. Blood samples were taken before treatment and at interv^als 
later. Before treatment the patients’ sera, when tested against the preparation 
used, showed no antigonado trophic potency. After about 6 weeks of treatment 
the sera of most of the patients showed antigonadotrophic properties, which 
increased throughout the period of obser\'ation. None of the testes descended 
under this treatment. Three months later biweekly injections of human placental 
gonadotrophin were begun in six of the patients and in three of these the testes 
descended. In. one patient, when the antigonadotrophic activity against the 
equine gonadotrophin was at a maximum, there was no power to neutralize 
human pituitary or placental gonadotrophin. 

(b) Will pituitary gonadotrophin produce a specific resistance to placental gotiado- 
trophin, and vice versa ? When trying to answer this question we can depend but 
little on experimental results attained by injecting extracts obtained from one 
animal into another, for, as experiments just quoted have shown, immunal reac- 
tions to the foreign proteins thus introduced are apt to obscure other less pro- 
nounced effects. A few workers have thought they could discern some specific 
reactions attributable to the organ from which the gonadotrophic extract had been 
prepared. Zondek & Sulman.(i937), as already mentioned, attributed 99*5 per 
cent of the resistance to gonadotrophin induced in rabbits by human placental 
gonadotrophin to immunity against foreign protein, the organ from which the 
gonadotrophin was derived playing little part in the reaction. Nevertheless they 
believed there was some slight evidence of organ-specificity in the degree of 
resistance obtained. Fluhmann (1935) gave repeated injections of human pla- 
cental gonadotrophin to rabbits for a period of 74 days, at the end of which time 
their blood inhibited the action of human placental gonadotrophin but did not 
inhibit the action of human pituitary gonadotrophin. 

Parkes &c Rowlands (1936) submitted rabbits to a course of injection of an ex- 
tract made from the anterior pituitaries of oxen. Serum from these rabbits in- 
jected intravenously into test rabbits inhibited the ovulation-stimulating activity 
not only of ox-pituitary extracts but of similarly prepared extracts of equine 
pituitaries and of saline suspensions made from the pituitaries of cows and sheep. 
Given intravenously to rabbits immediately after mating the serum inhibited the 
ovulation, which otherwise would have followed in 10 to 12 hours. Furthermore, 
Parkes & Rowlands found that gonadotrophin prepared from the pituitar}’ did 
not lead to a protection against chorionic gonadotrophin. Conversely, resistance 
to chorionic gonadotrophin did not entail resistance to gonadotrophin prepared 
from the anterior pituitary. 

Simonnet &: Michel (1939) found that human pituitary gonadotrophin induced 
in the rabbit a resistance to gonadotrophin prepared from pregnant mare’s 
serum, which is thought by some to be of pituitary origin (p. 80). 

It seems possible from these results that there may be some degree of organ- 
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specificity in the immunological reactions induced when gonadotrophic extracts 
derived from one species are injected into another. 

(c) Do FRH and LH give independent immunal reactions? A satisfactory 
answer to this question can hardly be expected until these hormones have been 
isolated each in a pure condition. Meanwhile available evidence suggests that 
each of these hormones may perhaps produce its own immunal reactions inde- 
pendently of the other. Rowlands (1938) states that ox-pituitary contains rela- 
tively much luteinizing hormone and little FRH, whereas the pituitary of the 
castrated horse is rich in FRH and poor in LH, and he found that rabbits, if re- 
peatedly injected during a period of 3 or 5 months with extracts of ox-pituitary, 
produced an antiluteinizing serum. When this serum was given to infantile rats 
with an extract of castrated-horse pituitary a pure follicle ripening effect was 
produced without luteinization. These findings were confirmed by Freud (1939), 
who tested Rowlands’ rabbit serum on immature female rats. The rabbit serum 
when given to rats together with human placental gonadotrophin, or with a 
gonadotrophic extract of geldings’ pituitaries, lessened the increase in size of the 
ovaries and prevented the luteinization which was caused by the other extracts 
given alone (Table 42). 

Tajble 42. The production of an antiluteinizing factor in the serum of rabbits 
after treatment with pituitary gonadotrophin rich in LH, from the ox, as shown 
by tests on immature female rats (Freud, 1939) 

Average 



Weight of 

number of 

Cornification 


ovaries 

corpora lutea 

of 

Material injected into immature rats 

(mg.) 

per ovary 

vagina 

Human cliorionic gonadotrophin 

i6-6 

6-6 

-b 

Human chorionic gonadotrophin plus Antiluteinizing 
rabbit serum 

9 

0 

— 

Pituitary gonadotrophin from castrated horse 

82-4 

65 

+ 

Pituitary gonadotrophin from castrated horse plus 
Antiluteinizing rabbit serum 

52'8 

0 

+ 


(d) Can resistance to gonadotrophin he induced in an animal by an extract of its 
own tissues or the tissues of an individual of the same species? Selye, Collip & 
Thomson (1934^^) implanted rat pituitaries daily into female rats which were 
21 days old when the experiment began, for a period of 68 days, at the end of 
which time the ovaries were of normal or subnormal size. They then gave doses of 
250 units of human placental gonadotrophin on thirteen successive days in addi- 
tion to the pituitary implants, with the result that great enlargement of the ovaries 
ensued. The experiment seems to show that an irresponsiveness to pituitary 
gonadotrophin can be induced in young rats by pituitary substance derived from 
individuals of the same species, and that this irresponsiveness is not accompanied 
by resistance to a gonadotrophic extract derived from another species. An experi- 
ment which agrees with this in some respects and differs in others is recorded by 
Collip (1937), who gave daily subcutaneous injections of a gonadotrophic extract 
of sheep’s pituitary to lambs and continued the treatment for a period of several 
months during which the gonadotrophic potency of their sera was tested from 
time to time on infantile rats. The tests showed an enhanced potency at first; later 
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an aatigonadotrophic property was shown in. the sera, which disappeared after 
cessation of the injections of gonadotrophin. The lambs’ sera were antagonistic 
to gonadotrophin obtained from the pituitaries of sheep, cattle and pigs and from 
the blood of pregnant mares, but not to human placental gonadotrophin . 

In contrast with these experiments, in which antigonadotrophic properties \vere 
induced in animals by homogenic material, is the following observation in which 
such material induced no antigonadotrophic effects. Katznian, Wade & Doisy 
(1937) treated female rats with repeated implantations of one or two rat pituitaries 
daily during a period of 9 months, at the end of which time the rats still had 
enlarged ovaries and their plasma augmented the ovarian response of immature 
rats to pituitary implants. In other words there was no sign of any antihormone 
in their blood. 

Martins (1935) has called attention to the fact that when a spayed female rat 
is joined in parabiosis with a normal male or female partner for as long as 6, 8 or 
15 months, the normal partner at the end of this time still shows signs of per- 
. sistent stimulation of the gonads, evidence of the formation of antigonadotrophin 
in this instance being absent throughout. Du Shane, Levine, Pfeiffer & Witschi 
(1935) have made a similar observation (see also Rowlands & Spence, p. 81). 

Viewing these experiments as a whole we feel justified in concluding that re- 
sistance to gonadotrophin cannot be induced in an adult by the individuars own 
gonadotrophin, or by preparations derived from a homogenic individual, unless 
the proteins have been so altered in the process of extraction as to have become 
capable of acting as antigens. 

When contemplating this problem it has to be remembered that individuals of 
the same species, unless closely related, may show tissue resistance toward each 
other. The boundary line of immunological reaction does not necessarily corre- 
spond exactly with that which defines a particular species. 

Resistance induced by intraperitoneal injection. Reference ought to be made 
here to experiments which seem to show that some resistance against a given 
gonadotrophin may be induced by injecting it into the peritoneal cavity. Leonard, 
Hisaw& Fevold (1935) found that the action on the ov^aries of a human chorionic 
gonadotrophin ("antuitrin-S’), given subcutaneously to immature rats, could be 
largely prevented by the intraperitoneal injection of a gonadotrophic extract pre- 
pared from sheep’s pituitaries. Other pituitar}' or placental gonadotrophins intro- 
duced into the peritoneum did not show this inhibitory^ effect against ‘ antuitrin-S’ 
given subcutaneously. Collip & Williamson (1936), Freud (1937), Dingemanse 
& Freud (1939) and Eraenkel-Conrat, Simpson & Evans (1940) also have recorded 
this phenomenon . 

Difference in responses by different Species 

All species do not respond in precisely the same manner or degree to the same 
gonadotrophin. Smith (1935) noted that mice are much more sensitive than rats 
to FRH, whereas rats give a greater response than mice to extracts which are rich 
in LH. Both rats and mice, in response to extracts of pregnancy urine, show 
maturation of follicles and luteinization ; monkeys given the same extract show no 
follicle growth. 


6-2 
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Temperature 

The responses of the ovary and testis to gonadotrophin are largely influenced by 
the temperature to which the gonads are exposed. Ovaries of mice grafted into 
the ear, where they are subjected to cooler surroundings than, in their natural 
position, will produce an enhanced quantity of androgen in response to gonado- 
trophin. The testes, subjected to the warmth of the abdominal cavity, will cease to 
respond to normal supplies of FTH by spermatogenesis. Some experiments which, 
demonstrate these altered reactions to gonadotrophin consequent on changes of 
the local temperature are discussed elsewhere (p. i6i). An additional one will be 
quoted here. 

Turner (1938) castrated infantile rats and transplanted their testes into the 
anterior chamber of the eye. In some instances the testes were grafted into the 
eye of a female. In this situation in males the testes responded to gonadotrophin 
by spermatogenesis. In non-spayed females the grafted testes produced sperm 
heads in a few instances only (6*5 per cent), but in spayed females spermato- 
genesis, as judged by the presence of sperm heads, occurred in 6 z per cent. It was 
ascertained by tests with a thermocouple that the temperature of the anterior 
chamber of the eye was slightly lower than that of the scrotum and considerably 
lower than that of the abdomen (Table 43). 


Tajble 43. Comparative temperatures in different anatomical situations as 
bearing on spermatogenesis in the transplanted testis of the rat (Turner, 1938) 


Anatomical locality 
Anterior chamber of eye 
Interior of scrotum 
Subcutaneous tissue (abdomen) 
Subcutaneous tissue (thorax) 
Peritoneal cavity 
Thoracic cavity 


Temperature (degrees C.) 


Rati 

Rat II 

Rat III 

(male) 

(male) 

(female) 

31*28 

29*75 

30-91 

32-46 

31*98 


35*32 

35*00 

34*96 

35*91 

35*62 

35*01 

34*90 

35*88 

36-12 

35*71 

35*52 

35*91 



Chapter IV. Factors which affect the Cytological Structure and Weight 
of the Anterior Lobe of the Pituitary 

Seasonal changes. The oestrous cycle. Pregnancy, pseudopregnancy and lactation. Gonadal 
hormones. Gonadotrophin. Sex. Castration, and destruction of seminal epithelium. 
Nutrition. Age. 

Since Fichera (1905 cz) called attention to the fact that castration is followed by 
enlargement of the anterior lobe of the pituitary gland with, histological changes 
in its structure, many workers hare confirmed and amplified his original obsert^a- 
tions; and the cytology of the pituitary' has become a subject of much importance 
in endocrinological studies of various kinds. The matter will be discussed briefly 
here in order to correlate, if possible, the changing cellular constitution of the 
pituitary with its gonadotrophic functions and with the activities of the repro- 
ductive organs. 

Normally the glandular cells of the anterior lobe of the pituitary are of three 
main types, namely chromophobe, eosinophile and basophile, the chromophobe 
being regarded as the parent of the other two. The relative numbers of these cells 
vary in different physiological conditions. Besides this changing numerical 
relationship the cells undergo alterations in volume and other features during 
different stages of sexual activity'. In pregnant or castrated animals, cells with 
special and distinctive characters occur and are known as ‘pregnancy cells’ and 
‘castration cells’ respectively. In the embryo chromophobes only are seen 
(Tuchmann, 1937)- 

Seasonal Changes 

In animals with limited breeding seasons, during periods of sexual quiet when the 
output of gonadotrophin is at a minimum, small chromophobe cells predominate 
in the pituitary ; a resumption of the sexual function is associated w'ith an increase 
in the number and dimensions of the chromophiles. Cushing 6 c Goetsch (i9i3> 
1915) observed that sexual in activity^ whether associated with dinical evidence of 
hypopituitarism in man, or with experimentally^ produced pituitary deficiency in 
animals, or during hibernation, is accompanied by' a reduction in the number and 
size of the chromophilic cells in the pars anterior. They confirmed the work of 
Gemelli (1906), who studied the seasonal changes in the pituitary of the marmot 
and showed that in this animal at the end of hibernation the pituitary' swells, the 
glandular cells enlarge and the chromophiles stain more deeply. 

Moore, Simmons, Wells, Zalesky^ & Nelson (1934) and Nelson (1936^) have 
studied the sexual rhythm of the ground squirrel (p. 72) and have correlated the 
histology of its pituitary with the functional conditions of its reproductive organs 
throughout the year. This mammal hibernates in the winter and the earliest signs 
of awakening ovarian function are visible at the beginning of January'. A single 
oestrum occurs when the female frst emerges from her winter quarters in April, 
and parturition takes place in May' or June, after xvhich the reproductive organs 
undergo involution. While the sexual activities are completely in abeyance the 
anterior lobe of the pituitary is reduced in volume, consists mainly’' of small 
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chromaphobe cells and contains no detectable gonadotrophin. With the gradual 
arousing of the sexual functions the pituitary increases in weight, the basopMle 
cells, and the eosinophiles too, though to a less degree, increase in number and 
volume and as time goes on contain larger and more numerous granules. Coin- 
ciding with these histological changes in the pituitary is an increase of its gonado- 
trophic potency. At the end of the breeding season a degranulation of the chromo- 
phile cells takes place and eventually they are once more represented by small 
chromophobes, at which stage there is no detectable gonadotrophin in the 
pituitary. Kayser & Aron (1938) have observed a similar correspondence between 
the cytological condition of the pituitary and the reproductive faculties in another 
hibernating animal, the hamster. 

The Oestrous Cycle 

Rasmussen (1921) studied the histological changes which take place in the 
pituitary of the woodchuck (Mdrmota monax) at the time of its emergence from 
hibernation, when it becomes almost at once sexually active. The chief features of 
this brief period he found to be a considerable enlargement of the pituitary and an 
increase in the number and staining capacity of the basophilic cells. Reese (1932) 
noted in the rat during oestrum, as indicated by vaginal smears, that the majority 
of the pituitary eosinophiles are deeply packed with readily stained granules, 
whereas in dioestrum the eosinophiles are stained lightly and show less granulation. 
Wolfe, Cleveland & Campbell (1932) observed in the dog a pronounced increase 
in the number of the basophiles during prooestrum and their degranulation during 
oestrum; and in this animal they noted a decrease in the eosinophiles and an in- 
crease of the chromophobes during piooestrum. Cleveland & Wolfe (1933) re- 
ported that in the sow as in the dog in prooestrum there is an increase of basophile 
cells which undergo degranulation during oestrum. They (Wolfe &: Cleveland, 
1933 made differential counts of the rat’s pituitary cells at different stages of the 
oestrous cycle. Their results are shown in Table 44 and are comparable with those 
obtained by Chadwick in the guinea-pig as shown in Table 45. When comparing 
the tables it may be remembered that there is no pronounced lutein phase in the 
rat’s oestral cycle. 

Table 44. Pituitary cell-counts at different stages of the oestrous 
cycle of the rat (Wolfe & Cleveland, 1933^) 

Period of cycle Eosinophiles Basophiles Chromophobes 

Prooestrus 32*8 5-0 62-2 

Oestrus 31*7 6-i 61-2 

Metoestrus 33-6 4-2 62*2 

Dioestrus 31*8 4-4 63*8 

Chadwick (1936) checked the different stages of the oestrous cycle in guinea- 
pigs and made histological examinations of the pituitary with cell-counts. 
Basophiles, he found, were at a maximum in size and number during prooestrus, 
becoming degranulated in late oestrus and metoestrus. Both basophiles and 
eosinophiles remained scanty during the lutein phase. The chromophobes were 
at their highest level in dioestrus. These results are set out in Table 45. 
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Table 45. Pituitary cell-counts at different stages of the oestroas 
cycle in the guinea-pig (Chadwick, 1936) 


Period of cycle 

Eosinophiles 

Basophiles 

Chromophobes 

Early prooestnis 

53-0 

rS 

46-2 

Late prooestms 

52-8 

2*1 

45 ’i 

Oestrus 

53*3 

I ‘4 

45-4 

Metoestrus 

46-7 

0*6 

537 

Early dioestrus 

46- 1 

0-7 

53-2 

Late dioestrus 

46-3 

0*9 

52-8 


Summing up, it appears that the characteristic changes in the pituitary^ during 
the oestral cycle are (i ) an increase of eosinophiles in prooestrus and early oestrus 
with their subsequent degranulation, (2) an increased basophilia in prooestrus 
with degranulation beginning in the early stage of oestrus, and (3) an increase of 
chromophobes for a period after oestrus. 


Pregnancy, Pseudopregnancy and Lactation 

As the changes in pituitary cytology are the same in all these conditions, they can 
be considered together. Compte (1898) examined the pituitary in six pregnant- 
women and noted a considerable enlargement of the gland with changes in 
number and staining reactions of the cells. The average weight of the gland in 
these women was 1-177 g., compared with a normal weight of between o-6 and 
0-75 g. Erdheim k Stumme (1909) found the average weight of the pituitary in 
forty nulliparous women to be 0-72 g. During pregnancy the pituitary weight 
gradually rises, they say, to a little over i g. at full term; immediately after 
parturition a rapid fall occurs, the normal weight being reached 2 months later. 
Erdheim & Stumme recognized and named the characteristic ‘pregnancy celT. 
This is described by Haterius (1932 a, b) as a large ovoid cell with an eccentric 
vesicular nucleus and a clear homogeneous cytoplasm which stains deeply with 
eosin. He made cytological examinations of the female rat’s pituitary^ at inteiv^als 
throughout gestation and lactation and found that at about the 3rd, 4th or 5th 
day after copulation the eosinophiles decrease in number and pregnancy cells 
begin to appear and gradually increase in number, size and staining quality'^ until 
the I2th day; they persist throughout gestation and suckling and disappear 3 or 
4 days after Aveaning. If at any time the litters are taken away the pregnancv cells 
vanish and oestrus is resumed. Pregnancy cells are present, he says, throughout 
the course of pseudopregnancy. Just before oestrus they diminish in size, become 
more granular and disappear. In all conditions in which pregnancy cells were seen 
in the pituitary, corpora lutea were present in the ovary'. Cytologicaliy the 
pituitary of the lactating female is in no way distinguishable, Haterius says, from 
that of pregnancy. Desclin k Brouha (1931 ) showed that the cytological changes 
in the pituitary during pregnancy are not due to the presence of the foetus or to 
pregnancy changes in the uterus, for they accompany pseudopregnancy after 
hysterectomy. Wolfe & Cleveland (1933^), describing the pregnancy cells in the 
rat’s pituitary, state that at an early stage of gestation some of the eosinophile cells 
become enlarged and their coarse granules disappear; the finer granules which 
remain take a pale colour with Orange G. Such cells, they say, occur also in. 
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pseudopregnancy and are not characteristic of pregnancy, for they are to be seen 
whenev^'er the ovaries contain active corpora lutea- It will be remembered that 
active corpora Intea do not develop in the rat in the course of the normal oestrons 
cycle. Severinghans (1937) states that changes in the pituitary similar to those of 
pregnancy may be caused by injections of oestrone, foetal or placental extracts, 
pregnancy blood or extracts of human pregnancy urine, all of which lead to 
ovarian luteinization. Severinghaus (1938) says that a feature of the pregnant 
guinea-pig’s pituitary is the large number of degranulated or partially degranu- 
lated basophiles rich in mitochondria. Toward the end of gestation a significant 
increase in eosinophiles occurs and persists after parturition. 

Several facts suggest that the pituitary changes which accompany pregnancy 
may be due largely to progestin, or more certainly perhaps to some influence 
derived from the corpora lutea. Haterius (1932a:) showed that typical pregnancy 
effects in the pituitary can be induced in normal female mice by repeated im- 
plantations of pituitary gland, which cause luteinization of the ovaries. Similar 
implantations into spayed females or castrated males do not cause these pregnancy 
changes in the pituitary; whereas in males into which ovaries have been suc- 
cessfully grafted the pregnancy changes can be induced, whether the host has or 
has not been castrated. Furthermore, it was found by Charipper (1934) that 
the appearance of ‘pregnancy cells’ in the pituitary could be brought about, in 
male as well as in female rats, by repeated injections of an extract prepared 
from corpora lutea. 

Chorionepithelioma. It is of interest to note that histological changes in the 
pituitary identical with those of pregnancy have been seen in a case of chorionepi- 
thelioma of the testicle in a human subject (Entwistle & Hepp, 1935). 

Gonadal Hormones 

Gonadectomy is followed by enlargement of the anterior lobe of the pituitary and 
an increase of its gonadotrophic potency ; it has also been shown that these effects 
are due to cutting off the supply of gonadal hormones. The histological effects of 
the different gonadal hormones on the pituitary will now be discussed. 

{a) OestTogens. Haterius & Nelson (1932) castrated male rats and then found 
that the histological changes in the pituitary which in ordinary circumstances 
follow castration could be prevented, or if already present could be reversed, by 
means of ovarian implants. Nelson (1934^:) gave oestrin to castrated and crypto r- 
chid rats, and noted the effects of this treatment on the pituitary. There was an 
almost complete disappearance of ‘ castration cells ’ and a great increase in the 
number of chromophobes; these cells had an enlarged Golgi apparatus and 
numerous mitochondria, and could be recognized as basophiles which had under- 
gone a change. Some of these degranulated basophiles resembled ‘pregnancy 
cells’. The eosinophiles also had become degranulated, though they were less 
profoundly affected than the basophiles. Martins (1936) transplanted the pitui- 
taries of rats into their own eyes and twice a week gave the rats subcutaneous 
injections of 2,000 to 10,000 i.u. of oestrone, similar doses being given also to rats 
with intact pituitaries. Whether transplanted or not the pituitaries responded in 
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the same way; they became enlarged, the chromophobe cells were much increased 
ia number and the basophiles and eosinophiles were reduced. Wolfe & Chadwick 
(1936) subjected female rats to daily injections or to a single big dose of oestrin. 
This treatment was followed by enlargement of the pitnitar\^ the increase in 
weight of which was proportional to the amount of oestrin used and the duration 
of the experiment. Histological examination showed (i) degranulation of the 
basophiles which were converted into chromophobes, (2) degranulation and re- 
duction in number of eosinophiles, and (3) a considerable increase in the number 
of chromophobes many of which were enlarged. 

By the colchicine method, Kuzell & Cutting (19+0) showed that oestrone, 
oestradiol and diethylstilboestrol each caused, after a latent period of 4 or 5 days, 
a considerable and prolonged increase of mitosis in the anterior lobe of the rat’s 
pituitary. This reaction occurred in normd and spayed rats. 

(b) Androgens, Unlike oestrogen the androgens do not cause enlargement of 
the anterior lobe of the pituitary, and, speaking in a general way, they appear to 
have less influence than oestrogens over this gland. Nevertheless their control of 
the pituitary is of great biological importance. Lehmann (1927) observed that the 
characteristic changes which occur in the rat’s pituitary after castration can be 
prevented or abolished by testicular transplants or the injection of watery extracts 
of testicle. By these means the enhanced weight of the pituitary and the increase 
in number and size of its chromophilic cells are counteracted. These eifects, he 
says, are not caused by the transplantation of oraries into male rats. Nelson & 
Gallagher (1935, 1936) confirmed these results in rats, using different androgens, 
and they showed that the same effects were produced in the pitnitaries of spayed 
female rats. Male and female rats were gonadectomized and from the next day 
onward daily doses of androgen were given for a month, when the rats were killed 
and their pituitaries were examined. In this way Nelson & Gallagher learned that 
androgens, like oestrogens, prevent the changes which normally follow gonadec- 
tomy, and at the same time cause degranulation of the basophiles. In these reac- 
tions they noticed a difference between the two sexes, for in the male five times as 
much androgen was required as was enough in the female to produce an equal 
effect on the basophiles. Possibly this is one more example of the fact that females 
appear to be more responsive to androgens than are males, whereas males seem 
to be more sensitive than females to oestrogen. The androgens used in this ex- 
periment were androsterone, androstanediol and androstenedione. It was found 
by Allanson (1937), also, that the changes which normally follow castration can be 
counteracted by androgens. Rats were castrated when between 40 and 60 g. in 
weight and injections of androgen were started a month or more later and con- 
tinued for 20 days. At the end of this period some of the androgens used had 
restored completely the pituitary to normal, except for the persistence of an 
occasional small castration cell. Testosterone, testosterone propionate and andro- 
stenedione, in daily doses of 0*5 mg., all had this effect. Androstanedione, trans- 
androstenediol and transdehydroandrosterone were relatively ineffective in re- 
versing the castration changes in the pituitary. The superior potency of oestrone 
was shown by the fact that 0-05 mg. daily restored the pituitary after castration 
to the normal state. 
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Wolfe & Hamilton (1937^, ^939) performed comparative experiments on a 
number of young female rats weighing between 100 and 125 g. and noted that 
ten daily injections of 500^ of testosterone acetate caused some degranulation of 
basophiles unaccompanied by any change in the eosinophiles and chromophobes, 
or any alteration in the weight of the pituitary. On the other hand 500 y of 
oestradiol benzoate given daily for 10 days caused complete degranulation of the 
basophiles, much degranulation of the eosinophiles, an increase in the number 
of chromophobes and an increase in the weight of the pituitary. The simultaneous 
administration of testosterone acetate prevented the enlargement of the pituitary 
•which would have been caused by oestradiol if given alone (Table 46). 

Table 46. The effects of ten daily injections of oestradiol benzoate and testo- 
sterone acetate on the pituitaries of female rats (Wolfe & Hamilton, 1937 <z) 


Treatment 

Dose 
(y) . 

Average weight of 
pituitaries 
(mg.) 

None 

— 

6 

Oestradiol benzoate 

500 

10*7 

Testosterone acetate 

500 

S -7 

Oestradiol benzoate 
plus Testosterone acetate 

500 } 
500) 

7-3 


McEuen, Selye &: Collip (1937) reported that daily doses of testosterone, even 
though continued for a long while, do not cause enlargement of the pituitary, and 
Reece & Mixner (1939; see also Reece, 1941) made a similar observation. They 
gave daily injections of 200y of testosterone propionate for 15 days to spayed 
female rats and noted that the treatment did not cause any increase in the size of 
the pituitary. Wolfe & Hamilton (1939) gave r mg. of testosterone propionate 
daily to female rats for 90 days and at the end of that time compared the histo- 
logical state of their pituitaries with those of untreated male and female litter- 
mates. The pituitaries of the treated females showed an increase of eosinophiles 
and granular basophiles making a cellular pattern which closely resembled 
that of their normal untreated brothers and differed widely from that of their 
normal untreated sisters (Table 47). Selye (1939(2) has made the same sort of 


Table 47. The effect of androgen on the histology of the pituitary in 
female rats (Wolfe & Hamilton, 1939) 



VYeight of 
pituitary in 
mg. per 

Eosino- 

Granular 

Noil- 

granular 

Chromo- 

Castration 


100 g. of 

philes 

basophiles 

basophiles 

phobes 

cells 

Subject 

body weight 

(%) 

(%) 

(%>) 

(%>) 

(ro) 

Untreated male 

2*3 

49 ‘0 

6*1 

0-6 

43*4 

09 

Testosterone - 

3*1 

47*3 

5*2 

1-8 

45*1 

0*6 

treated female 
Untreated female 

4*6 

31*8 

3-0 

63*4 



observation in mice; in his experiment daily doses of 5 mg. of testosterone pro- 
pionate given for 20 days to female mice did not cause degranulation of the 
chromophile cells. 
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(c) Progestin. Little direct study has been made of the action of progestin on 
the pituitary. Wolfe & Cleveland (1933a) found that 'pregnancy cells^ are not 
characteristic of pregnancy, but are seen whenever the ovaries contain active 
corpora lutea. Charipper (1934) gave fifteen daily injections of a luteal prepara- 
tion to rats and noted that ‘pregnancy cells’ appeared in the pitiiitaries of all the 
rats so treated. Brooksby (1938) injected 0-5 mg. of progesterone daily into 
spayed rats and noted that this treatment prevented castration changes in the 
pituitary and, like oestrin, caused its enlargement. Oestradiol and progesterone, 
given together, caused greater enlargement than when either was given alone. 

Herlant (1939) gave thirteen injections of 0*35 mg. of progestin during 1 5 days 
to adult rats, after which their pituitaries showed a reduction in the number and 
size of eosinophiles with a diminution of their granules, a slight degraiiulation of 
basophiles, which otherwise showed little change, and a small increase in the 
number of chromophobes. To other rats Herlant gave four daily injections of 
I mg. of progestin; these caused an increase in the number and granulation of 
eosinophiles and a small reduction in the number of chromophobes. Correlating 
histological with experimental findings, Herlant concludes that the eosinophiles 
are the source of luteinizing hormone. 

GonadotropMn 

Since Lehmann (1928) called attention to the fact that the repeated injection of 
placental extracts into female rats will bring about changes in the pituitary 
resembling those which accompany pregnancy, much experimental inquir\^ has 
been devoted to the subject. As an outcome of this work it seems probable that 
many of the effects produced by gonadotrophin on the pituitary^ are attributable 
to the gonadal hormones whose production is stimulated. Haterius k Charipper 
(1931) implanted fresh pituitaries daily into female rats and thereby caused 
changes in the recipients’ pituitaries which resembled those of pregnancy^ 
Similar implants into spayed females or normal males did not result in these 
changes. If pituitary implants were given to males, whether castrated or not, in 
which ovaries had been successfully grafted, the ‘pregnancy changes’ followed 
in their pituitary glands. Haterius & Charipper concluded that these changes in 
the pituitary were sequels to the ovarian luteinization induced by” the grafts. 
Karp (1933), also, observed, after the injection of human placental gonadotrophin 
into rabbits with intact ovaries, changes in the pituitary like those of pregnancy. 
Wolfe, Phelps & Cleveland (1933) gave to immature female rats injections of an 
extract of human placenta which was free from oestrin but rich in gonadotrophin. 
This treatment caused in the pituitary a degranulation of the basophiles and, to a 
less degree, of the eosinophiles. If the animals were castrated at the beginning of 
the experiment these changes failed to appear; as they are like those changes 
produced by androgens and oestrogens it seems likely that they depend upon an 
enhanced supply of these under the stimulus of gonadotrophin. Severinghaus 
(1934 a, b) and Nelson (i 934 b) have done confirmatory work. Wolfe (1933, i 93 *f) 
treated immature female rats of 25 to 35 days with two daily subcutaneous injec- 
tions of ‘a relatively crude oestrin- free extract of placenta’ for a week. The effects 
in the pituitary were constant and definite, nanieR a degranulation of the baso- 
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philes aad a slight but constant reduction, in the number of eosinophiles. Wolfe, 
Ellison & Rosenfeld (1934) gave extracts of pregnancy urine to normal female 
rats for a period of 15 days, after which their pituitaries showed a degranulation 
of basophiies and a less marked degranulation of eosinophiles. Both these types 
of cell were reduced in number, while the chromophobes were increased. Colloid 
material was present in the cleft of the pituitary in all the injected rats. The 
pituitaries were enlarged. If injections of gonadotrophin were continued for 
an extended period the changes produced at an early stage of the treatment 
disappeared (Wolfe, i935<2). 

Severinghaus (1934^2, b) treated castrated and nan-castrated adult male rats 
with placental gonadotrophin, i.e. an extract rich in LH. In the non-castrated 
rats there was an increase in the number of basophiies and a rapid degranulation 
of their cytoplasm. The pituitaries of the castrated rats, on the other hand, could 
not be distinguished from those of castrated controls. Severinghaus also sub- 
mitted adult female rats for periods of 4 to 6 weeks to daily injections of an extract 
consisting mainly of FRH, and found that the basophiies in the pituitary had 
undergone degranulation and in some instances degeneration. The acidophiles 
were perhaps reduced in number, but were otherwise unaltered; the chromo- 
phobes were unaffected. 

The changes found in the pituitary in these experiments appear to be identical 
with those produced by oestrogen and androgen, and it seems probable that some 
and perhaps all were brought about by an increased output of hormones from the 
gonads in response to the injected gonadotrophic hormones. Such a suggestion is 
supported by the fact that the changes did not occur in the absence of the gonads. 

Sex 

Apart from the changes in the pituitary during oestrous cycles in females and the 
fact that no such cyclic changes have been detected in the male, there appear to be 
qualitative differences between the pituitaries of the two sexes. Erdheim & 
Stumme (1909) compared the weights of the pituitaries in a small number of 
adult men and women and found that the gland was heavier in women than in men 
(Table 48), as is the case also in the rat (Hatai, 1913^) and mouse (see pp. 64, 280). 

Table 48. Comparative weights of pituitary in men and 
nulliparous women (Erdheim &: Stumme, 1 909) 

Average weight of pituitary 
Sex Age Number (g.) 

Female 23 to 49 6 072 

Male 23 to 83 II 0-66 

Nelson (1935 a) made cell-counts of the pituitaries of sixty-eight normal male 
and fifty-six normal female rats and recorded a higher percentage of basophiies 
and eosinophiles and fewer chromophobes in the male pituitaries (Table 49). 

Table 49. Differential cell-counts in the pituitaries of male and female 
rats expressed as percentages (Nelson, 1935 a) 

Sex Basophiies Acidophiles Chromop’ 

Male 8-1 49-8 42-1 

Female 4*2 34-4 61*4 
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It kas been shown by implantation experiments that the pituitar}- of the male 
has a greater gonadotrophic (FRH) potency than that of the female, and there 
are several reasons for thinking that basophile granules are associated with 
the production of follicle ripening hormone. The artificial administration of 
gonadal hormones causes a decrease of the gonadotrophic power of the pituitaiv' 
associated with degranulation of the basophile cells; and oestrin produces these 
effects more readily than testosterone. Some facts of human patholog}^ accord 
with this general view; Frdhlich's syndrome, the symptoms of which are largely 
due to a deficient supply of gonadotrophin, is found to be associated with a 
deficiency of basophile cells in the pituitar\-. Furthermore, the increased 
gonadotrophic potency of the pituitary which follows castration is accompanied 
by a pituitary basophilia. 

Castration, and Destruction of Seminal epithelium 

As mentioned already Fichera (1905^, b) showed that gonadectomy is followed by 
enlargement of the anterior lobe of the pituitary with histological changes. Since 
then many workers have studied the phenomenon. Addison (1917) castrated rats 
and afterwards compared their pituitaries with those of littermate controls. He 
found that after castration the basophiles increase in size and number. Two 
months after castration the largest basophiles begin to become vacuolated, and 
as time goes on the vacuoles increase in size, the nucleus becomes pressed to one 
side of the cell, and in this way are formed the typical ‘signet ring’ or ‘castration ’ 
cells. The acidophiles, he states, are not much affected at first except for a slight 
reduction in size; later they gradually become degranulated and less readily 
stained. Seven months after castration their numbers are much reduced. Stein 
(1933) has reported similar changes in the rat’s pituitary following castration. 

Severinghaus (1932) did not observe quite the same changes in castrated guinea- 
pigs although their pituitaries showed an increased gonadotrophic power. His 
guinea-pigs were 30 days old at the time of gonadectomy and were killed when 
between 72 and 205 days old. Their pituitaries showed an increase of eosino- 
philes, but no increase of basophiles, nor were ‘castration cells ’ present. Nelson 
(1935 c) has noticed a difference in. the response of the guinea-pig’s pituitary to 
gonadectomy, as compared with the response in other animals, though in his 
experiments the difference appears to have been one of degree only. He found 
that the pituitaries of guinea-pigs which had been castrated not less than 
2 months previously contained an increased percentage of basophiles, though the 
increase was not so pronounced as in the rat. Moreover, in the guinea-pig 
‘ castration cells ’ were not usually seen, though in guinea-pigs which had been 
castrated a long while previously a few small vacuoles were present in the cyto- 
plasm of the basophiles. From Nelson’s obseiw^ations it seems that the only 
difference between the responses of the pituitary to gonadectomy in the guinea- 
pig and the rat concerns the duration of time required for the consequent changes 
to take place. There are reasons for thinking that the guinea-pig’s adrenal has 
a larger share than that of the rat in producing gonadal hormones ; the differences 
between the effects of castration on the pituitary in the two species may perhaps 
be accounted for in this way. 
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la a later work Severinghaus (1938) states that an increase of basophiles follows 
castration in the rat, guinea-pig, rabbit and monkey. In rats, he says, the 
increase of basophiles may be seen as early as the end of the 2nd week after 
castration and at the same time the acidophiles are already reduced in size and 
number. The same effects of castration on the pituitary have been noticed in man. 
Biggart (1934) examined the pituitaries of four men after castration and recorded 
(i) a pronounced increase in the number of basophiles, (2) the appearance of 
large chromophobes, with transitional stages between these and basophiles, 
{3) v^acuolation and the formation of colloid in the basophiles. The changes in the 
eosinophiles. varied. 

Cryj^torchiimn causes changes in the pituitary like those which follow castra- 
tion (Martins, Rocha & Silva, 1931), though they take longer to develop. Nelson 
(1934 tty b) rendered rats cryptorchid on the 40th day of life. Pituitary basophilia 
was present 75 days later and vacuolation of the basophilic cells was advanced 
by the 200th day. At the end of 360 days the pituitary changes resembled 
those of "advanced castration'. The basophiles at this time were increased, the 
acidophiles slightly decreased, there was a more pronounced diminution of 
chromophobes and many "castration cells’ were present. Nelson (1935c) found 
that in the guinea-pig, as in the rat, cryptorchidism produced changes in 
the pituitary similar to those following castration, though taking more time 
to develop. 

Ligation oj the vdsa ejferentia. Van Wagenen (1925) ligated the vasa efferentia 
of the rat’s testis so as to cause degeneration of the seminal epithelium within 
21 days. Eight weeks later she found typical " castration changes ’ in the pituitary; 
that is to say, there was an increase in size and number of the basophile cells 
which were undergoing vacuolation. 

X-ray sterilisation. As mentioned earlier (p. 50) destruction of the seminal 
epithelium of both testes by X-rays is followed by enlargement of the pituitary 
with histological changes like those brought about by castration. 

Thyroidectomy y adrenalectomy and parathyroidectomy . It has long been known 
that thyroidectomy causes enlargement of the pituitary with cellular changes 
resembling those which follow gonadectomy. Delille (1909) states that the 
pituitary becomes enlarged also after adrenalectomy and parathyroidectomy. 

Nutrition 

The destructive effects on the seminal epithelium which are caused by depriving 
an animal of vitamin-E have been discussed on an earlier page (p. 68). The 
testicular deficiency so caused in rats has been shown by Nelson (1933) to be 
followed by ‘castration changes’ in the pituitary. In females, however, no 
castration changes occurred in the pituitary as a consequence of vitamin-E 
deficiency, which is to be explained by the fact that the ovary is not directly 
injured by a lack of this vitamin. 

Sutton & Brief (1938) reported that in male and female rats suffering from 
vitamin-A deficiency the basophilic cells of the pituitary are increased, as they 
are after gonadectomy. The effect is most pronounced in males and may he 
attributed, probably, to the gonadal injury caused by the avitaminosis. 
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Age 

The chief characteristics of the immature sow^s pituitar^^ accardiiig to Cleveland 
& Wolfe (1933), are (i) a high percentage of granular basophiles such as occurs 
in the adult during prooestrus and (2) 2l scarcity of eosinophiles. The latter con- 
tain colloid which stains bright yellow wdth Orange G; many of these cells 
become amalgamated so as to form large colloidal masses surrounded by 
eosinophiles . 

In old rats the pituitaries appear to be characterized mainly by aberrations 
from, the normal. Wolfe, Bryan & Wright (1938) examined the pituitaries of 
twenty-six old breeding female rats whose average was 633 days; all of these rats 
had littered at least once. The pituitaries varied in weight from 10 to 45 mg., the 
majority being less than 17 mg. In fifteen (58 per cent) of the pituitaries collec- 
tions of abnormal cells were present. These cells were large with bulky nuclei in 
which little chromatin was apparent. The nucleoli were very large. The majority 
of these cells were chromophobes, but in some instances enlarged eosinophiles 
also were present. 
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Chapter V. A General View of the Gonadal Hormones 

Experimental investigation. Chemical structure. Sources, functions and excretion. Bisexual 
activities. Co-operative and antagonistic effects between different hormones. Factors influencing 
biological action. Gradients of responsiveness. Reversible and irreversible effects. Actions 
common to gonadal and adrenal hormones. Influence of gonadal hormones on behaviour and on 
tissue gro^vth. 

The ganadal hormones are chemical substances which regulate the male and 
female characters of the body, and control sexual impulse and behaviour. 
A conspicuous part of their function is to stimulate the growth and activity of the 
accessory genital organs. In the absence of these hormones the accessory* organs 
of reproduction would not come into existence, or if already present, would not 
attain full development. 

John Hunter (I728-I793) (1837^) perceived that the sexual characters depend 
largely on gonadal activity. He remarks that before puberty there is not much to 
distinguish the male from the female, and that the special features of the two 
sexes appear mostly at the time of puberty. He further notes that the female, 
after the reproductive period has ended, loses some of her feminine attributes and 
in appearance tends to approach towards the male, or more properly perhaps, 
he says, towards the hermaphrodite. 

The output of gonadal hormones from the gonads and other organs is regulated 
by the pars anterior of the pituitary gland the activity of which is itself con- 
trolled, not only by the gonadal hormones formed in response to pituitary action, 
but by many additional influences. The complexity of the biological machinery is 
manifest, and it may be difficult to predict or to observe in detail all the results 
of disturbing any one part of the endocrine system which is concerned with 
reproduction. 

In recent years our knowledge has rapidly extended, and, while admitting that 
our comprehension of the subject is still primitive, there are now sufficient 
ascertained facts to allow a useful discussion. 

Experimental Investigation of the Action 
of Gonadal Hormones 

This was impeded in the past by a number of intrinsic difficulties. At the be- 
ginning the investigator had to draw conclusions from the effects of removing or 
transplanting whole organs or portions of them, or else from the results of in- 
jecting crude tissue extracts. This form of inquiry continued for many years 
before any of the sex hormones had been isolated in a pure form. In spite of such 
a handicap, these earlier inquiries have stood well the trial of time, and the con- 
clusions drawn by the biological pioneers have hardly been shaken by the more 
satisfactory investigations of to-day which are carried out with the advantage of 
pure, or at least partly purified, materials. 
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Alth-ougli to some extent inaccuracies can be avoided by using chemically pure 
preparations of the hormones, yet the disturbing fact remains that the tests have 
to be made on the living animal, which cannot be standardized with the same 
exactitude as a chemical compound. By using animals of long-established inbred 
strains and by stabilizing their environment the errors and difficulties due to 
biological variability can be reduced, though they cannot be eliminated (Emmens, 
1939^2,6, c). Time and circumstance in these imTStigations cannot be made 
uniform for every occasion ; and it would be a gross error to regard the sensitive 
living individual as the equivalent of a purified chemical reagent. It has to be 
remembered, too, that animals of different species do not all respond in exactly 
the same way to a given gonadal hormone; although in a broad sense they all 
respond alike. The differences concern minor biological details, but are not 
negligible. For example, in a male mouse subjected to frequently repeated doses 
of oestrone the coagulation glands readily undergo a keratinizing metaplasia 
which is followed later by a similar change in the seminal vesicles. A rat treated 
in the same way does not show an identical response; a keratinizing metaplasia 
is not so easily induced in the rat, and it appears first in the seminal vesicles, the 
coagulating glands showing the change later or not at all. The different reacting 
organs in the same species show a varying readiness and degree of response, and 
the alterations induced in a single organ are not uniform; one part may be 
affected to an advanced degree while another part shows but little change. 

Even individuals of the same inbred strain vary in their reactions to a given 
hormone. If a number of male mice of one strain be submitted persistently to 
equal doses of oestrone, some may succumb to hydronephrosis, others to sup- 
puration in the accessory genital glands, and yet others may remain free from 
these complications and survive for long periods, perhaps to die of a pituitary 
tumour or mammary cancer. The probability of the last will depend upon the 
strain from which the mouse has been derived, or, if nursed by a foster-mother, 
upon the strain to which she belonged. The reactions to a gonadal hormone may 
vary even among littermates; indeed, the same mouse may show unequal re- 
sponses to equal doses of a gonadal hormone at dilFerent times, amid different 
environments, or in varying conditions of health. 

Seasonal and cyclical influences, the nature of which has not yet been eluci- 
dated, may affect the reactions of an individual to a given dose of hormone. 
Gallagher & Koch (1930) and David (1938) have called attention to a seasonal 
variation in responses to gonadal hormones, and cyclical variations of shorter 
duration have been noted by Wade & Doisy (1935 «) and Zuckerman (1937^). 

The method of administration and other details have to be considered when the 
effects of giving gonadal hormones are under comparison ; some of these details 
will be mentioned later. Meanwhile the risk of forecasting results without experi- 
mental tests may^ be exemplified by some observations of Einmens Parkes 
(1939a). They say that, in tests on the capon’s comb, the accessory reproductive 
organs of the castrated rat or the uterus of the spayed rat or immature rabbit, 
testosterone given orally is less effective than when injected subcutaneously. On 
the other hand methyltestosterone given by the mouth is almost as effective as 
when injected subcutaneously in causing progestational changes in the uterus; 
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in the other tests methyltestosterone has a greater activity than testosterone when 
both are given by the mouth. Methyltestosterone, they say, shows more andro- 
genic potency than testosterone when tested in rats, less potency when tested on 
the capon’s comb; and it is more effective in causing progestational changes in 
the uterus by whatever route it is given. 

Chemical structure 

Experimental inquiry into the nature and actions of the sex hormones has, 
because of the drawbacks just mentioned, been largely qualitative. Another 
obstacle to establishing the subject of sex hormone activity as an exact science is 
the existing difficulty or impossibility of correlating chemical structure with 
biological behaviour. 

The chemical structure of the three main types of gonadal hormone — 
oestradiol, testosterone and progesterone — has the same basis, and the divergences 
from the common pattern which account for the diverse actions of these hormones 
in the body are seemingly slight (Fig. i). The difference of biological activity 
caused by small changes in the chemical structure is exemplified by the following 



example to which Butenandt (1936) called attention: A^-Androstenedione is an 
oestrogen, A^-Androstenedione is an androgen, and A^-Androstene-3 : 17-diol 
has both androgenic and oestrogenic properties (Fig. 2). The general similarity 
in the molecular structure of these hormones seems remarkable in view of their 
differing effects in the living body. 

The biological inactivity of isomers of potent compounds is a feature which may 
be noticed in this context, though there does not appear to be any instance of two 
isomers having a different kind of action; that is to say, isomers of oestrogens are 
not androgenic, nor have isomers of androgen been found to have oestrogenic 
action , 

The physiological activities of the gonadal hormones do not seem to depend 
on the possession of a sterol nucleus, although this is a characteristic of those 
which are produced naturally in the body. In the laboratory many compounds 
of other constitution and yet possessing oestrogenic capacity have been pro- 
duced (Dodds, 1936, 1937; Dodds & Lawson, 1936). For example, in mice 
diethylstilboestrol and triphenylethylene (Fig. 6) will cause metaplasia in the 
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accessory genital organs, hernia, cancer of the breast and most if not all the other 
phenomena which follow the administration of oestrone or oestradiol. 

In making this statement one has to remember that an organic compound 
introduced into the body may there undergo important changes, and the bio- 
logical effects which follow may result not directly from the chemical substance 
introduced, hut from its metabolic products. 

Another feature of the actions of gonadal hormones is the uncertainty of their 
anatomical limitations. The specific effects which these hormones produce are 
graded, so that the thresholds of reactivity vary from place to place even in a 
single organ. Moreover, the activities of each hormonal compound are not 
closely circumscribed ; the reactions produced in the tissues by different hormones 
overlap (Fig. 2). This overlapping of biological effect is often associated with 
a similarity in structure. For example, oestradiol and ergosterol have com- 
parable formulae (Fig. 3) and both have specific effects on epiphyseal cartilage 
and the metabolism of calcium; moreover, ergosterol in very^ large doses is said 



Fig. xh, 

to be slightly oestrogenic. But ob\dous correspondences of this kind between 
molecular conformation and biological activity are far from being invariable, 
as will be seen by comparing the natural oestrogens with some of the artificial 
compounds which produce almost identical effects (Figs. 5, 6). For the present 
it must be admitted that no constant, predictable, and easily determined features 
have been recognized as sure guides to the biological action of this kind of 
compound. 

biter national units. To test the hormonal potency of a substance whose com- 
position is unknown it has been necessary to compare its effects with those pro- 
duced by a given quantity of a known hormone. For this purpose ‘international 
units’ of potency have been agreed upon and have been of great use. They do not 
in fact represent comparative efficiency for they are based on the minimal amount 
which will evoke some particular immediate response without regard to the 
duration of effect and thus are apt to convey erroneous conclusions. For example, 
suppose a compound X has only half the capacity of oestrone to cause cornifica- 
tion of the mouse’s vagina, its potency in ^ ^ f ^ ^^tiit will be 
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one-half that of oestrone. If however, as may be the case-^ the response aroused 
by a minimal dose endures four times as long as that caused by the same dose of 
oestrone, then X may well be regarded, not as less, but as more potent than 
oestrone. For this and other reasons it seems desirable always when describing 
an experiment or a clinical case to mention if possible the actual weight of material 
used instead of its amount as denoted by international units. 

Sources, Functions and Excretion 

Sources. It is not to be supposed that the gonads are the only source of the 
gonadal hormones, that the so-called ‘ male hormones ’ are produced only by the 
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A5-Androstene-3: i7“dio1 
(Oestrogenic and Androgenic) 
Fig. 2. 


testicle, or that the two kinds of 'female hormone’ originate in the ovary alone. 
The three types of gonadal hormones are elaborated by both sexes, and although 
the ovary and testis are concerned with their manufacture they do not possess a 
monopoly. Androgen, oestrogen and progestin, it appears, may all be derived 
from the testis, ovary, adrenal, placenta and perhaps elsewhere. 

Functions. The functions of each of these hormones, too, are not confined to 
the sex indicated by their names. Structures common to both sexes, for example 
the embryonic miillerian and wolffian apparatus, the nipples and mammae, the 
external generative organs, react alike to the same hormone whether the possessor 
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is male or female. Thus in the assay of androgens by applying the material under 
test to the combs of day-old chicks it has been found that sex has little influence 
on the responses of the comb (Danby, 1938); other examples will h 6 given 
later. 

A chief role of androgens is to assist the development and maintain the activities 
of the accessory reproductive organs appropriate to the male, while oestrogens 
perform a similar part in the development and maintenance of organs appropriate 
to the female. Progestin controls the relationship between the embrvm and the 
mother ; nevertheless, as will be shown later, even its activities are not limited to 
the female sex. Occasionally a particular character is attributed to one or other 
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sex when it is in fact neutral. Thus it is sometimes stated that removal of the 
ovary from a hen will cause it to acquire male plumage, whereas it really acquires 
neutral plumage because the oestrogen is lacking on which the female character 
of its feathers depended. 

The capacity of a cell or a tissue to respond to a gonadal hormone is innate in 
that cell or tissue and is retained if it is transplanted to another part of the body 
or to another individual, whether of the same or the opposite sex. Martins & 
Cardoso (1931) grafted seminal vesicles into the abdominal walls of young male 
mice. In this unnatural situation the seminal vesicles were found to be healthy, 
turgescentand secreting 5 months later, showing that they were reacting normally 
to the gonadal hormones supplied by the host. The principle holds good for 


102 GENERAL VIEW OF THE GONADAL HORMONES 


transplants of skin in birds and can be seen in those instances in which the 
differential sexual plumage depends on gonadal hormones (Danforth & Foster, 

1929)- 

Inactivation and eoccretiofi. There is little or no storage of gonadal hormones in 
the body. They are used, inactivated or excreted nearly as rapidly as they are 
formed. From this it is clear that their production must be almost or quite con- 
tinuous during the sexually active periods of life. The hormones are excreted 
usually in an altered form. Testosterone, which is the chief androgen produced 
by the testicle, is excreted by the kidneys mainly as the less potent compounds 
androsterone and ^ra 72 . 9 dehydroandrosterone ; oestradiol, the main oestrogen of 
the ovary, is excreted mainly as oestrone, and progesterone is largely eliminated 
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as pregnanediol, which is almost though not quite biologically inert. Other waste 
products than these are derived from the gonadal hormones and are excreted in 
the urine. 

So-called Bisexual Activities of the Gonadal Hormones 

Attention may be given to some unfortunate generalizations which have arisen 
from the nomenclature and have caused a little confusion. The terms 'male 
hormone * and ' female hormone ’ were of necessity introduced in the earlier days 
of endocrinology and are responsible for the kind of misunderstanding referred 
to, which is to regard each of the two main groups of gonadal hormones — 
androgens and oestrogens — as arising only in the appropriate gonads and as 
acting only on the organs of one sex. It should be understood that neither type 
of hormone, in origin or effect, is peculiar to the male or the female. 

There is no essential antagonism between the testis and ovary, nor between the 
individual of one sex and the gonads of the other. This has been shown by trans- 
planting testes into females and ovaries into males (Steinach, 1916 ; Moore, 1921 ; 
Finlay, 1925). The absence in adults of any vital incompatibility between the 
gonads has been shown also by joining together a male and female in parabiosis 
so that an exchange of blood takes place between them. After such an operation 
the gonads of the two individuals are but little affected and may retain their 
procreative functions (Morpurgo, 1908). 
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The later classification of gonadal hormones into androgens, oestrogens and 
progestins is useful and probably essential for a detailed consideration of their 
respective activities ; yet this classification is not always a reliable guide to the 
effects which will be caused by introducing any one of these hormones into the 
living organism. Apart from the fact that a hormone of one type may be changed 
into that of another within the body, there is much overlapping of the potentiali- 
ties of the different hormones, and it seems that the only sure way to avoid 
erroneous conclusions is to study the effects of each individual hormone sepa- 
rately, without surmising that because it belongs to one particular group it will 
therefore exercise exactly those capacities which are commonly accredited to that 
group. 
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(i) The transjonnation of one type of gonadal hormone into another in vk'o. An 
androgen may be converted into an oestrogen in the living body. Steinach, Kun 
& Peczenik (1936a, b) found that injections of androsterone in normal and 
castrated rats were followed by an increased output of oestrogen in their urine. 
In further experiments Steinach & Kun (1937) showed that in man injections of 
testosterone were followed by an increase of oestrogen in the urine ; and the same 
result though to a less degree was caused by injections of androsterone. Such 
observations have since been confirmed (Foss, 1939, and others). 

In a man with a malignant tumour of the adrenal (Burrows, Cook, Roe & 
Warren, 1937) the urine was found to contain as much as 3,000 i.u. of oestrogen 
per litre, and an androgenic activity (comb test) of only 50 to 100 i.u., which is 
not greatly abov^e the normal. It seems possible that in this case an excess of 
androgen may have been elaborated and then converted into oestrogen and ex- 
creted as such in the urine, just as happens in men receiving large artificial doses 
of testosterone. With adrenal tumours in women, an excessive excretion of 
androgen is the rule, though there may also be an abnormally large output of 
oestrogen. 

Schoeller, Schwenk & Hildebrandt (1933) have achieved in vitro the reverse 
process, the conversion of oestrogen into androgen. 

It is interesting to note that Hamblen, Pattee & Cuyler (1940), as the result of 
835 assays of androgen in the urine of twenty-two women, learned that the 
administration of oestrogen reduced the output of androgen. All of these women 
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had been suffering from uterine disorders or from discomforts attending the 
menopause. 

(ii) Formation of oestrogen hy the 7nale. Androgens and oestrogens are both 
normally produced by each sex, and the difference between male and female in 







Fig. 5. Naturally formed oestrogens 


the elaboration of gonadal hormones seems to be, apart from the feminine sexual 
cycle, one of degree alone. Assays of urine have established that a large excretion 
of oestrogen by men or of androgen by women is abnormal and usually denotes 
some pathological disturbance. This is not the case with every species of animal. 
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Zandek (1934a) found in stallions^ urine quantities of oestrogen varying in dif- 
ferent horses from 10,000 to 400,000 m.u. per litre, and sometimes exceeding the 
quantity present in the urine of pregnant mares. In two testes weighing 350 g. 
removed from a stallion Zondek found 23,100 m.u. of oestrogen, the stallion’s 
testis being thus richer in oestrogen than any other tissue hitherto examined. 
Geldings and stallion colts excreted relatively small amounts. He concluded that 
the hormone was formed in the testes. Large concentrations of oestrogen were 
not found in the urine or testis of the bull. In normal men small amounts of 



I'. Diethylstilboestrol II. Triphenylethylene 

(Dodds, Goldberg, Lawson & (Robson & Schdnberg, 1937) 

Robinson, 1938) 



III . 9 : io-Dihydroxy-9 :IO-di-;^-propyl- 
9 :io-dihydro-i .*2:5 ib-dibenzanthracene 
(Cook & Dodds, 1933) 

Fig. 6. Synthetic oestrogens 

oestrogen are found both in the testis and in the urine (Laqueur, Dingemanse, 
Hart &:de Jongh, 1927; Laqueur &de Jongh, 1928; Fee, jMarrian &: Parkes, 1929; 
Borchardt, Dingemanse & Laqueur, 1934; Osterreicher, 1934). 

(iii) Formation of progestin by the male. The bull offers another extreme 
example of the excretion by a male of a so-called ‘female hormone’; Marker, 
Wittle & Lawson (1938) isolated from the pooled urine of a number of bulls 
more pregnanediol than was recovered by similar methods from the same 
amounts of urine excreted by pregnant cows or by pregnant women (p. 394). 
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(iv) Formation of androgen by the female. Steinach & Kun (1931) noticed 
that in a guinea-pig whose ovaries had been exposed to a sterilizing dose of X-rays 
the clitoris gradually became converted into a penis-like organ, as happens also in 
this animal in response to the artificial administration of androgens. The same 
phenomenon was caused in the female guinea-pig by giving repeated injections 
of a pituitary extract. In both instances the ovaries had become highly luteinized. 
Whatever in these instances may have been the hormone which caused masculin- 
ization of the external genital organs, the ovary, in part at least, must have been 
responsible for its presence. Lipschiitz (1937 has verified these experiments on 
guinea-pigs and remarks that the increased androgenic activity induced in the 
ovary by the procedures adopted does not depend on histological changes sug- 
gestive of gonadal intersexuality, although such a change may occasionally take 
place. Lipschiitz (1936, 1937^) removed one ovary and all but a small remnant 
of the other from infantile guinea-pigs. In some of these guinea-pigs a penis-like 
organ developed, and in two of these among twelve there was a definite hyper- 
trophy of the tubular elements of the ovarian medulla, representing apparently 
a masculine rudiment. But the penile changes occurred also in the absence of 
these testis-like transformations in the residual ovarian tissue. 

Effects comparable with the foregoing were obtained by Hill (1937), who 
grafted ovaries into the tips of the ears of castrated male mice and thereafter 
observed signs attributable to the production of androgen by the grafted ovary. 
Lipschiitz (1932) had previously observed that an ovarian graft in a castrated male 
guinea-pig might in exceptional instances produce enough androgen to maintain 
the prostate and seminal vesicles in a normal condition, and de Jongh Sc Korteweg 
(1935) noted that an ovary grafted from a littermate into a castrated mouse pre- 
vented to some degree the atrophy of the accessory reproductive organs which 
otherwise would have ensued. Bradbury & Gaensbauer (1939) gave daily injec- 
tions of gonadotrophin, ranging in different animals from 2 to 10 r.u., to female 
rats from the 6th to the 30th postnatal day. At the end of this period the rats 
showed a conversion of the clitoris into a penis with the cartilaginous anlage of an 
os priapi. The foreskin was separate from the glans, which resembled that of a 
male and was furnished with horny spicules. As in the experiments of Steinach 
& Kun, and Lipschiitz, on guinea-pigs, these results are possibly attributable to 
luteinization of the ovaries by gonadotrophin. 

(v) The effects of gonadal hormones are organ specific, not sex specific. The 
contrasts seen in the results produced by gonadal hormones in the male and the 
female respectively depend little on the recipient’s sex. Broadly speaking the 
organs which are represented in both sexes react alike in both sexes to the same 
hormone : for example, the structures derived from the wolfhan and miillerian 
systems, the external genitalia, mammae and nipples, skin and skeleton. The dis- 
tinction between male and female in regard to their reactions to gonadal hormones 
seems to lie chiefly in the possession of different tissues competent to react to each 
type of hormone. 

The earliest recorded experiments in endocrinology demonstrated the simi- 
larity of response of homologous organs in the two sexes to the same hormonic 
stimulation. John Hunter (1794), in the course of experiments on grafting, dis- 
covered that if the spur of a young cock were transplanted into the leg of a young 
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hen the tissue took root but no spur grew, while the intact spur on the other leg of 
the donor cock developed as usual. Hunter then grafted the rudimentary spur of 
a young hen into a young cock, and observ^ed that the transplanted spur grew 
nearly as fast and to as large a size as the natural spur on the cock’s other leg. 
These experiments he repeated several times, always with the same result. 

Much later Loe^vy (1903) reported that injections of testicular substance into 
young capons caused the development of male skeletal characters as well as 
comb growth. Walker (1908 b) injected an extract of cocks’ testicles daily into 
two hens. The injections began in Februaiy" and were continued until October. 
The hens ceased laying in the middle of March, and while the injections were in 
progress their combs and wattles grew and became highly coloured. When the 
injections ceased the combs rapidly shrank to their normal feminine dimensions. 
It was noticed by Champy &: Kritch ( 1925) that growth and turgidity of the fowl’s 
comb are brought about not only by testicular extracts, but by extracts of ovary 
also; and Parkes (1937) has pointed out that the hen’s comb, like that of the cock, 
atrophies after gonadectomy and enlarges in response to androgens but not to 
oestrone. The conclusion is that the ovary of the normal hen produces enough 
androgen to protect her comb from atrophy. Parkes also found that when an 
extract of sow’s ovary was smeared on the atrophied comh of a capon it caused 
the comb to enlarge. 

Other examples could be given to illustrate this general principle that the effect 
of a gonadal hormone on a particular organ is not dependent on the sex of the 
individual in which that organ is situated. The mamma affords a good instance, 
for its reactions to oestrogen in both male and female have been investigated in 
detail by many workers and have been found to be alike in both sexes. The action 
of oestrogen in causing absorption of the pubic bones and the cartilage which 
unites them, with a consequent separation of the two v'-entral halves of the bony 
pelvis, may also be mentioned to illustrate the current theme; in mice these bony 
and cartilaginous changes are readily caused in males as well as in females by the 
artificial administration of oestrogen (Burrows, 1935/). To multiply examples will 
hardly be necessary in this place ; the reader will notice additional instances in the 
chapters devoted to the effects produced by individual types of gonadal hormone. 

(vi) Similar actions by testis and ozmy. The results of gonadectomy in certain 
respects may be identical, or nearly so, in both male and female. Such a simi- 
larity of effect can be attributed iu some instances to the deprivation of a single 
type of hormone, which is produced by testis and ovary alike. The case of the 
fowl’s comb which has just been mentioned appears to be an example of this. 

In adult birds it is easier to remove the testes than the ovary. For this reason 
the following examples are rather one-sided, being confined to experiments on 
males; but they seem to illustrate a similarity of action exerted by ovary and 
testis. When rearing their young the crop glands of pigeons, both male and female, 
secrete the crop milk Avith which the young are fed. Castration of male pigeons 
prevents the hypertrophy and functional activity of the crop gland. \''an Oort 
& Junge (1933) give other examples. They say that the summer plumage of the 
blackheaded gull, which is common to both sexes, does not appear in males which 
have been castrated at the time of their first winter plumage. A curious example 
quoted by them concerns the ratio between rods and cones in the fowl’s retina. 
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In the chick this ratio, they say, is 28 : 100, and in adult cocks and hens the ratios 
are 48 : 100 and 45 : 100 respectively; after gonadectomy in either sex the ratio 
remains the same as in the chick. 

(vi) Similarity of responses to dijfere?it types of gonadal hormone, {a) Oestrogen- 
like action of androgens. Oestrogens cause premature cornification and opening 
of the vagina in the rat and mouse. Brouha & Simonnet (1928) observed that four 
daily subcutaneous injections of an extract of bulls’ testes, given to immature rats 
of 22 days, had similar consequences. The same effects have been produced by 
several pure androgenic compounds. Butenandt & Kudszus (1935) reported that 
androstenedione, ^raTZ^dehydroandrosterone, androsterone and testosterone, all 
of which induce comb growth in capons and stimulate development of the seminal 
vesicles in rodents and therefore are classified as androgens, when given to normal 
infantile female rats or mice cause precocious opening of the vagina accompanied 
by cornification; and Parkes (1935) found that androstanediol and 17-methyl- 
androstane-i7-ol-3-one, both of which are androgens, will cause vaginal corni- 
fication in the immature rat. Nathanson, Franseen k, Sweeney (1938) obtained 
the same results from the administration of testosterone propionate to immature 
female rats even after spaying or hypophysectomy. They suggest as an explana- 
tion that perhaps the immature rat has the capacity of converting testosterone 
into an oestrogen. Comparable results have been obtained in immature rats by 
Warren (1935) with androsterone and by Courrier & Cohen-Solal (1937) with 
testosterone. 

Deanesly & Parkes (1937c) called attention to several instances in which 
androgen and oestrogen produce similar effects. The Sebright bantam cock is 
hen-feathered ; caponization is followed by the growth of ‘male ’ bantam plumage. 
Small doses of oestrone, they say, will cause such a capon to revert to hen- 
feathering; so also will daily doses of the androgens transdehydromdrosttronCy 
/ra^z^androstenediol, androstenedione and testosterone. 

Nelson & Merckel (1937), investigating the actions of a number of androgenic 
compounds, found that daily administrations of testosterone, androsterone, de- 
hydroandrosterone and androstanedione to adult spayed female rats for a period 
of 30 days all failed to produce vaginal cornification. On the other hand dehydro- 
androsterone and as-androstenediol caused prolonged cornification of the vagina 
in normal adult rats ; and this effect was induced whether the rats had previously 
undergone hypophysectomy or not Deanesly & Parkes (1937c) state that, pro- 
vided large enough doses are employed, /r(2;z.yandrostenediol, dehydroandro- 
sterone, androstenedione and testosterone all cause an increased development of 
the immature rabbit’s uterus like that caused by oestrone. 

Courrier & Gros (19386) gave daily doses of 5 to 10 mg. of testosterone pro- 
pionate to spayed female cats for periods lasting from 7 to 15 days. The result was 
a pronounced hypertrophy of the uterus with enlarged uterine glands, the changes 
resembling those produced by oestrone. 

In the monkey the changes which occur in what is referred to as the sex-skin 
can be induced either by oestrogen or androgen (Hartman, 1940). 

Another example of oestrin-like' action exerted by androgens was noticed by 
Wolff (1936(3). He injected androsterone' in doses varying from 0-5 to 2 mg. into 
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hens’ eggs on the 5th day of incubation. In male chicks this treatment caused the 
development of an ovarian cortex in the left gonad, converting it into an ovo- 
testis, and led also to the preservation of the proximal segments of the mlillerian 
ducts. Willier, Rawles & Koch (1938) made a similar observation. They injected 
testosterone, androsterone and dehydroandrosterone into hens’ eggs after 43 to 
72 hours of incubation. The effect of all these androgens on the female chicks was 
of a masculinizing nature, that is to say, they caused the ovaries to become like 
testes in shape with hypertrophy of the medullary tissue. In males, however, they 
caused the left testis to appear flattened and like an ovary^ in shape while the 
oviducts persisted throughout their length. In fact the males closely resembled 
females. In other words, these androgens had a masculinizing effect on the 
females but acted like oestrogens on the males. 

An observation by Duyvene de Wit (1938, 1940) might he mentioned in con- 
nection with this subject. He found that all the three types of gonadal hormones, 
androgen, oestrogen and progestin, cause enlargement of the ovipositor in the 
female bitterling [Rhodens amams), 

[b) Androgen-like action oj oestrogens. Although a main function of the 
androgens is to keep the accessory male generative organs in an active state, this 
function is not confined to the androgens; oestrogens and progestins take a part. 
David, Freud & de Jongh (1934) investigated the responses of the prostate, 
seminal vesicles and preputial glands of young rats to several different oestrogens. 
The rats were castrated when between 20 and 30 days old and 3 days later were 
given injections of oestrogen twice a day for 5 days, and were killed on the 6th 
day. The results are given in Table 50, where it will be seen that the compounds 
injected caused an increase in weight of the prostate and seminal vesicles as com- 
pared with those of castrated control rats. The effects on the preputial glands were 
not so definite. 

Table 50. The effects of various oestrogens on the prostate, seminal vesicles and 
preputial glands of the castrated rat {Da\nd, Freud & de Jongh, 1934) 


Weights of organs expressed in 
mg. per loo- g. of bodyweight 

,v 


Hormone 

Dose 

(y per diem) 

Prostate 

V. 

Seminal vesicles 

Preputial 

glands 

None 

— , 

Two series 

17) 

Y in ^ ___ 

Tw^o series 

34 

0 estrone 

3 

44 

25 

30 

0 estrone 

10 

39 

27 

48 

Oestriol 

2 

28 

18 

22 

Oestriol 

10 

48 

19 

ss 

Oestradiol 

2 

25 

46 

55 

Oestradiol 

6 

75 

45 

45 

Equilin 

6 

30 

27 

50 

Equilenin 

2 

25 

15 

44 


Korenchevsky and his colleagues have made comparable observations. 

(c) Progesterone -like action of androgens. In many respects the biological 
actions of androgens resemble those of progestin; thus, in association with 
oestrogen, they cause the development of alveoli in the mammae, induce 
mucification of the vagina and bring about progestational changes in the uterus. 
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Klein & Parkes (1936^3) found that five different androgens, given in doses 
between 10 and 20 mg., caused progestational changes in the uterus of the im- 
mature rabbit corresponding to those induced hj 0*25 to 0*5 mg. of progesterone. 
These compounds were testosterone, methylandrostanediol, methykra/z.?andro- 
stenediol, methyldihydrotestosterqne and methyltestosterone. To this list other 
androgens have been added (Klein & Parkes, 1937; Klein, 1938 including 
androstenedione, ethyldihydrotestosterone, ethylandrostanediol and others. The 
progestational action of these compounds on the rabbit’s uterus occurs, Klein 
states, in the absence of the ovary, provided that the rabbit has received appro- 
priate daily doses of oestrin before the androgen (see also p. 319). 

McKeown & Zuckerman (1937) caused progestational chariges in the rat’s 
uterus by daily injections of 14 i.u. of oestrone given for a period of 4 days and 
then followed by daily injections of 2 mg. of testosterone for ro days. 

Robson (i937<i) reported that testosterone propionate inhibits the action of 
oxytocin on the rabbit’s uterus, an effect which is produced by progesterone also; 
and Scipiades (1937) states that testosterone propionate, when given to pregnant 
rats, like progesterone causes a prolongation of gestation, and prevents abortion 
after spaying. Greene & Burrill (1939) have confirmed this observation, finding 
that daily doses of 5 mg. of testosterone propionate, 20 mg. of testosterone,, or 
10 mg. of androstenedione, enabled the continuance of pregnancy to full term in 
rabbits which had been spayed between the nth and 14th days of gestation. It 
may be explained that removal of the ovaries at this stage in the rabbit without 
further treatment is usually followed by death of the embryos. 

A biological action which progesterone has in common with several androgens 
including testosterone has been described by Shapiro (1936) and Zwarenstein 
(1937), namely the induction of ovulation in the clawed toad (Xenopus laevis), 
even after hypophysectomy. The administration of oestradiol alone to this 
amphibian is not followed by ovulation. 

(d) Androgen-like activity of progesterone, Steinach & Kun (1931) noticed 
that, in female guinea-pigs whose ovaries had become highly luteinized in response 
to repeated injections of gonadotrophin or a sterilizing dose of X-rays, the clitoris 
gradually became converted into a penis-like organ, as happens also in this animal 
when subjected to successive doses of androgen. Guyenot, Ponse &: Wietrzy- 
kowska (1932) have made a comparable observation. They repeatedly gave 
alkaline extracts of ox-pituitary to female guinea-pigs, with the result that the 
clitoris in these animals gradually became converted into a penis-like organ with 
cornified papillae on the glans and a retractable foreskin; these females displayed 
male behaviour. Their ovaries had undergone extensive luteinization. Papani- 
colaou & Falk (1934) found that continued treatment of immature guinea-pigs 
with placental gonadotrophin caused their ovaries to exercise an androgenic 
function, so that the clitoris enlarged and assumed the form of a penis with well- 
differentiated prepuce, corpus cavernosum and glans. Bradbury &: Gaensbauer 
(1939) have obtained similar responses to gonadotrophin in immature rats. 
Subsequent experiments seem to show that these results may be attributed to the 
androgenic properties of progesterone when produced in large amount and free 
from the inhibiting action of oestrogen. 
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Burrows (1936 f) showed that progesterone, like androgen, to some extent pro- 
tects the mouse’s prostate and seminal vesicles from the effects of oestrogen, and 
subsequent observations have demonstrated that progesterone, when given in 
large enough dosage, exerts an influence on the accessory male organs like that of 
androgens. Lamar (1937) gave 0-5 to 3 rb.u. of progesterone daily to rats which 
had been castrated when 25 days old. The injections were begun almost immedi- 
ately after the castration and were continued daily for 1 5 days. At the end of this 
time there were significant increases in the weights of the prostate, coagulating 
glands, seminal vesicles, preputial glands and periurethral tissue as compared 
with the weights of these structures in control castrated rats. The most pro- 
nounced influence -was on the prostate, periurethral tissue and preputial glands, 
and as regards its effect on these structures i mg. of progesterone appeared to be 
the equivalent of 0*03 mg. of testosterone. Greene, Burriil & I\y (1939 i) found 
that progesterone caused in female rats enlargement of the clitoris, and that in the 
castrated male rat the prostate and to a less extent the seminal vesicles could be 
maintained in weight and secretory activity by large daily doses of progesterone. 

■ For example, rats were castrated when 19 days old and for the next 20 days were 
given 3 mg. of progesterone daily; at the end of this period the animals were killed 
and their prostates and seminal vesicles were compared with those of castrated 
littermate controls. The androgenic effects of the treatment are shown in Table 
51 , which represents the outcome of one of their experiments. To maintain these 
androgenic effects in adult castrated rats 9 mg. or more of progesterone were 
needed daily. 

Table 51. The effect of progesterone on the prostate and seminal vesicles 
of the immature castrated rat (Greene, Burriil & Iw, ^939) 



Daily dose 

Interv’al 

between 


A lean weight 

Xlean weight 


of pro- 

castration 

Total 

of v’entral 

of seminal 


gesterone 

and autopsy 

dose 

prostate 

vesicles 

Condition 

(mg.) 

(days) 

(mg.) 

(mg.) 

(mg.) 

Castrated, untreated 
controls 

0 

20 

0 

1 1*8 

5*0 

Castrated and treated 
'with progesterone 

3 

20 

60 

69-1 

13*2 


Yet another effect common to androgens and progestins has been reported by 
Nelson (1937a). It is known that spermatogenesis can be maintained in rats for 
a considerable period after hypophysectomy, provided that androgens are con- 
tinually supplied from the time of the operation. Nelson found that progesterone 
and the progestin, epialloprcgnmeolont will maintain spermatogenesis in similar 
circumstances, the latter being more efficient in this respect than progesterone. 

In connection with the androgen-like activities of progestins it may be men- 
tioned that prcgnanediol has been identified in the urine of female patients with 
virilism caused by adrenal hyperplasia or carcinoma (Malley Bradshaw, 1941; 
Salmon, Geist &: Salmon, 1941). 

(e) Similarity oj' ad ion oj androgen, oestrogen and progestin. In rats and mice 
the preputial gland, though more largely developed in the male, is functional in 
both sexes. Van der Woerd (1938) tested the responses of the gland to the three 
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types of gonadal hormone in castrated rats and found that it was stinaulated by 
androgens and oestrogens, and perhaps to a slight extent by progestin. These 
results will be quoted more fully in connection with the co-operative effects of 
gonadal hormones (p. 115). 

On Cowper’s gland, also, androgen and oestrogen act alike; either will 
cause enlargement and secretory activity of the gland in the castrated rat 
(Tschopp, 1936). 

Androgen, oestrogen and adrenal cortical hormone all cause enlargement of 
the nipple in. the male guinea-pig, according to Jadassohn, Uehlinger & Margot 
(1938), who obtained this result with the anirogem testosterone propionate, 
androsterone, androstenedione and androstanedione; the oestrogens oestrone, 
equilin and equilenin; and the adrenal cortical hormones adrenosterone and 
corticosterone. 

Several workers have reported enlargement of the mamma after the administra- 
tion of androgen, and it has also been observed that androgen, like oestrogen, 
will induce coloration of the sexual skin in monkeys (Hartman, 1937). Another 
example of a similar action exerted by the different gonadal hormones is the pro- 
duction of hypospadias in infantile female rats and mice. This result, following 
the administration of androgens and oestrogens, has been recorded by Hain 
(1935 b), Wiesner (1935), Lacassagne (i936<5), Greene &; Ivy (1937), and has 

been confirmed by the writer, who found that hypospadias may be caused in these 
animals by progesterone also (Burrows, 1939 ^). Non-descent of the testes, like 
hypospadias, may be caused by any of the gonadal hormones, androgen, oestrogen 
or progestin (Burrows, 1939 r), and probably by the same action, namely an in- 
hibition of the supply of gonadotrophin by the pituitary. 

(/) A single hormone may possess androgenic^ oestrogenic and progestational 
powers. Emmens & Parkes (1939^) have investigated the biological actions of 
ethinyltestosterone or pregneninolone, a compound discovered by Inhoffen &: 
Hohlweg (1938), and they find that, although its potency is relatively small, it has 
androgenic, oestrogenic and progestational capacities, inasmuch as when given in 
large enough doses it will induce growth of the capon's comb, cornification of the 
vagina in the spayed rat or mouse, and progestational changes in the uterus 
of the immature or ovariectomized rabbit following preparatory injections of 
oestrone. 

Courrier & Jost (1939) have shown that pregneninolone will permit nidation 
of ova and will maintain pregnancy in the spayed rabbit, and Salmon & Salmon 
(1940) noticed that in addition to this progesterone-like action it has androgenic 
properties, causing hypertrophy of the fibromuscular components of the uterus 
and hypertrophy of the clitoris in the rat. 

Perhaps a more complete example of the same specific response to different 
gonadal hormones is that of the bitterling’s ovipositor, which according to 
Du3rvene de Wit (1938, 1940) becomes enlarged under the influence of androgen, 
oestrogen, progestin or adrenal-cortical hormone. 

Another character which is shared by all three types of gonadal hormone and 
adrenal cortical hormones is their capacity to influence the excretion of water, 
sodium and chlorine. 
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Thorn & Harrop (1937) tested the influence of various gonadal horinones on 
the excretion of sodium in a normal male dog. All the hormones tested by them, 
namely oestradiol, oestrone, progesterone, pregnanediol, testosterone and testo- 
sterone propionate, caused a decreased excretion of sodium, progesterone being 
the most effective in this respect. 

{g) Special effects of androgen on female organs and of oestrogen on male organs. 
The term ‘bisexual hormonal activity’ has been applied to reactions of female 
organs to ‘male’ hormones and of male organs to ‘female’ hormones, or to a 
common action of androgen and oestrogen on both male and female gonads. To 
illustrate this kind of ‘bisexual ’ action experiments on sex determination may be 
quoted; they show that some but not all androgens, given at an early stage of 
development, may cause intersexualism in both male and female embiyos. 

Wolff (1935, 1936 «) applied androsterone to the chorion of chicks between the 
3rd and 5th day of incubation. The embryos were extracted from the eggs and 
examined between the 1 5th day and the end of incubation. The results showed 
that under the influence of androsterone the genetic females were masculinized, 
while many of the genetic males were feminized. AVillier, Rawles & Koch (1938) 
also have introduced gonadal hormones into fowls’ eggs which had been incu- 
bated from 4.3 to 72 hours previously. Their results confirm those of Wolff, except 
that the androgens they employed did not all act alike. They used testosterone 
propionate, androsterone and dehydroandrosterone. All of these caused changes 
in the reproductive organs of the females; the right gonad was enlarged by 
hypertrophy of the medullary^ tissue, and both gonads tended to have the shape 
of testes. In other words the androgens used had a masculinizing effect on genetic 
females. On the males testosterone propionate did not show any feminizing 
action. Androsterone and dehydroandrosterone on the other hand caused the left 
testis to become flattened and ovary-like in shape and to have the structure of an 
ovotestis. The oviducts persisted entire and were in some instances hyper- 
trophied, the feminizing effect of these androgens being thus pronounced, as in 
AANlff’s experiments. 

Noble & Greenberg (1940) treated chameleons {Anolis caroUnensis) with testo- 
sterone propionate and observed that it caused hypertrophy of both male and 
female genital ducts and keratinization of the cloaca in females and in castrated 
males. 

[h) Inhibition of the gonadotrophic potency of the pituitary by gonadal hormones. 
It is surprising that the most important of all the so-called bisexual activities of 
the gonadal hormones is not usually included under the ‘bisexual’ heading, 
namely the capacity common to androgens, oestrogens and progestin of irdiihiting 
the output of gonadotrophin by the pituitary in both sexes. 

Korenchevskv (19376) has suggested that the gonadal hormones should be 
classified as follows: 

L Purely Male or Female Hormones. 

11 . Partly Bisexual Hormones: 

(а) Those ha\ing chiefly male effects. 

(б) Those having chiefly female effects. 

III. Eisexual Hormones. 
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The utilization of such a classification is rendered difficult by the indefinite 
nature of the boundary lines. Korenchevsky mentions progesterone as the only 
example of a purely female hormone ; yet it has been shown that the formation 
of pregnanediol is not confined to the female, and that some of the activities of 
progesterone resemble those of testosterone (pp. 105, no, 394). 

The varied reactions of the gonadal hormones suggest that the biological 
capacities of each should.be studied individually without any preconceived notion 
that because a given hormone is commonly classed as an androgen it will therefore 
possess all the properties of testosterone, or that being derived from the ovary a 
hormone will be quite free from properties usually associated with androgens. 
It may be thought, too, that the term ‘bisexual’ as applied to the activities of the 
gonadal hormones is of little real service and might be discarded with advantage. 

(i) The production of androgen and oestrogen by the gonads does not depend 
directly upon the genetically determmed sex of the host. As the experiments of 
Steinach & Lipschiitz have shown, a testis transplanted into a female is still able 
to produce androgen, and an ovary in a male will manufacture oestrogen, pro- 
vided always that the organs are placed in regions of the body which are suitable 
for their appropriate functions. 

(j) The response of a tissue to a gonadal hormone is innate in the tissue and is not 
dependent on the sex of the host. Danforth & Foster (igzg) performed some ex- 
periments on fowls which afford a striking illustration of this principle. They 
learned first that if skin be transplanted from a day-old chick to one of another 
colour, the feathers growing in the transplant will retain the characters of the 
original donor provided that the recipient is of the same sex as the donor of the 
graft. Thus a black feather graft will remain black although growing in a white 
fowl, and vice versa. If, however, a graft be made from a chick belonging to a 
strain in which the cocks and hens have different colouring, the feathers of the 
graft will assume the colour of those appropriate to the sex of the host; that is to 
say, the grafts will have retained their capacity to respond in the ordinary way to 
gonadal hormones. 

So-called intersexual conditions. The writer has already criticized the use of 
the phrase ‘bisexual action ’ in connection with the gonadal hormones. He would 
ask permission here to disagree with the term "intersexual’ as applied in physio- 
logical and clinical literature. For clear thinking straightforward, undeceptive 
language is required, because false terminology tends to confuse the mind. When 
‘intersexual’ conditions are mentioned the adjective itself suggests the existence 
of an individual who cannot properly be described either as a male, a female, or a 
hermaphrodite, whereas in fact the term is intended merely to denote an indi- 
vidual who possesses an excessive proportion of the attributes of the other sex, or 
one who lacks some of the normal endow^ments of his own. The expression came 
into use in the earlier days of endocrinology and has outlived its usefulness. 
Consider an example. A hen whose ovary has been removed will assume certain 
male features which may be caused also by inserting testis grafts into an other- 
wise normal hen (Domm, 1927). After either of these procedures the subject is 
still a female, and to refer to her as an example of an "intersex’ seems to the 
writer misleading. 
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Co-operation of different Gonadal Hormones 

In many instances the sexual organs, ^vhether of the male or female, in order to 
attain a full developoient and complete functional capacity, require the co- 
operation of both androgen and oestrogen. Such co-operation might be in- 
cluded in the scope of bisexual activities if such a term were acceptable. Lsually, 
and perhaps always, in these co-operative actions the available quantities of the 
two types of hormone must bear a more or less strict relationship to each other. 
Though androgen and oestrogen supplied in certain proportions often act 
co-operatively, they may be antagonistic to each other, even strongly so, when 
this proportion is disturbed. Laqueur (1932) and de Jongh (1934.^) have noted 
that while small doses of oestrone will co-operate with androgen in restoring the 
accessory genital organs of the rat or mouse after castration, large doses of 
oestrone will inhibit this restorative action. 

(i) Co-operation between androgen and oestrogen. Freud (1933 A) castrated rats 
when they were between 3 and 5 weeks old and weighed from 25 to 45 g. Three 
days later injections of gonadal hormones were given twice daily for 4 days and 
on the 5th day the rats were killed and their seminal vesicles were examined 
microscopically. Ey these methods it was found that a testicular androgenic 
extract and oestrin exercised contrasted effects on the seminal vesicle, the andro- 
gen causing hypertrophy and functional activity of the epithelium while oestrin 
caused hypertrophy of the fibro- muscular components ; so that for a full develop- 
ment of the seminal vesicles the action of both androgen and oestrogen was re- 
quired. De Jongh (1934^) verified these observations, and noted also that doses 
of androgen insufficient to resuscitate the atrophied epithelium of the seminal 
vesicle in castrated rats or mice will do so if small doses of oestrone be given at 
the same time. Furthermore, it was found by David, Freud & de Jongh (1934) 
that an androgenic extract of testicle does not interfere with the stimulating 
action of oestrone on the fibro- mu scalar wall of the rat's seminal vesicle, but that 
the two hormones mutually enhance the hypertrophic action. This has been con- 
firmed by Overholser & Warren (1935). 

Del Castillo & Pinto (193S) found that brief periods of treatment with oestrone 
cause hypertrophy of the prostate and seminal vesicles in rats and guinea-pigs, 
that oestrone to some extent hinders the atrophy of these organs after castration, 
and that the hypertrophy of the accessory male organs induced by testosterone is 
enhanced by the addition of oestrone and progesterone. 

Van der Woerd (1938) has studied the action of gonadal hormones on the 
preputial gland of the rat; in this aninaal the gland is functional in both sexes. 
Male and female rats were deprived of their gonads when between 25 and 28 days 
old. A fortnight later daily treatment with hormones was begun. The injections 
were continued for 14 days, after which the rats were killed and their preputial 
glands w^eighed. From the subjoined table it will be seen that the glands had been 
stimulated b\’ androgen and oestrogen, and perhaps in the males by pro- 
gesterone. In both sexes the glands attained the largest size in those rats which 
had been given androgen and oestrogen together (Table 52). 
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Table 52. The effect of gonadal hormones, given singly or in combination, on 
the rat’s preputial gland after gonadectomy (Van der Woerd, 1938) 

Mean weight of preputial glands 



Daily 

/ 

A 

^ 


dose 

Males 


Females 

Hormone 

(y) 

(mg.) 


(rag.) 

Controls 

— 

27 


31 

Testosterone 

200 

■79 


86 

Androsterone 

200 

59 


61 

Oestrone 

10 

43 


40 

Progesterone 

200 

36 


32 

Controls 

— 

32 


36 

Testosterone 

200 1 

106 


plus Oestrone 

10 f 


97 

Androsterone 

200 1 

57 


67 

plus Oestrone 

10 f 


Progesterone 

200 1 

39 


42 

plus Oestrone 

loj 



Korenchevsky and his colleagues {1935, 1936, 1937, 1939) also have shown that 
after gonadectomy, whether in the male or female, the resulting atrophy of the 
accessory reproductive organs can be allayed to some extent by the gonadal 
hormone of the opposite sex, and that a supply of both androgen and oestrogen 
is required for the full development of the accessory generative organs (Tables 
53. 54)- 

Table 53. The effect of gonadal hormones on the uterus and vagina 
of spayed rats (Korenchevsky, Dennison &: Simpson, 1935) 

Weight of uterus Weight of vagina 
(mg.) (rag.) 

Normal untreated rats 355 233 

Spayed untreated rats 33 81 

Spayed and treated with androstanediol 123 172 

Spayed and treated with oestrone 155 146 

Table 54. The effect of daily doses of gonadal hormones on the prostate and 
seminal vesicle of castrated rats (Korenchevsky, Hall, Burbank & Ross, 1939) 


Condition of rat 

Normal untreated 
Castrated untreated 

Castrated and treated with oestradiol dipropionate (6y) 
Castrated and treated with testosterone dipropionate 
(x5oy) 

Castrated and treated with testosterone dipropionate 
(1507) and oestradiol dipropionate (6y) 


Weight of 

Weight of 

prostate 

seminal vesicles 

(mg.) 

(mg.) 

853 

952 

65 

12 

86 

51 

624 

528 

677 

60 1 


Cotte & Noel (1936) have reported that testosterone acetate in daily doses of 
2*5 mg- has a restorative effect on the endometrium of the spayed rat. 

Another example of co-operation between androgen and oestrogen is seen in 
the production of vaginal mucification. Normally this condition, which accom- 
panies pregnancy and pseudopregnancy, is caused by the simultaneous action of 
oestrogen and progesterone in definite proportions. Androgens have been found 
capable of replacing progesterone in effecting the same result. 
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The co-operative effects of androgen and oestrogen on the accessory organs of 
reproduction are not limited to an increase in their weight and histological ap- 
pearances but extends to their functional activity. This was proved by Kun & 
Peczenik (1937), using their quantitative test for androgenic activity. This test 
is made by injecting the hormone in graduated amounts into castrated rats and 
noting the minimal dose which will lead to ejaculation in response to electrical 
stimulation of the rump by an interrupted current of 30 volts. By this test they 
showed that the activity of androgen is greatly increased by the simultaneous 
administration of oestrone. This hormonal co-operation appears to be applicable 
to man. Foss (1939), treating a man of 38 who had been castrated, found that 
copulatory power could be partly restored by testosterone the action of which was 
considerably increased by the addition of oestradiol benzoate or progesterone. 

A zoological example of co-operation between the sex hormones has been 
described by Champy & Coujard (1939), who have noticed that oestrogen as well 
as androgen is required for the full development of the clasping digit of the male 
frog, both these hormones being supplied by the testis. 

(ii) Cc-operation between oestrogen and progestin, {a) Causation of dedduomaia 
and progestational changes in the uierm. Perhaps the earliest example of a co- 
operation between different types of gonadal hormone was that noted by VYeichert 
(1928). Following Loeb*s experiments, which had been made on guinea-pigs, 
Weichert found that uterine trauma in the normal non-pregnant rat did not lead 
to the development of a deciduoma; if, however, daily doses of an extract of 
corpora lutea were given immediately after oestrum, injuries of the rat’s uterus 
were followed by the formation of deciduomata. Spayed rats treated with luteal 
extract did not show this reaction unless they had been submitted previously 
to a course of oestrin injections. Comparable obserx'ations were made by Hisaw 
& Leonard (1930) and by W. M. Allen (1930), who showed that progestational 
changes were not induced in the endometrium of normal immature or spayed 
adult rabbits by injection of oestrin-free luteal extracts unless the animals had 
been submitted to doses of oestrin for a few days previously. Shelesnyak (1933) 
proved that deciduomata could be induced in spayed rats by oestrin and extracts 
of sow’s corpora lutea if the two hormones were given successively in the correct 
relative proportions. 

To effect progestational changes in the uterus the two hormones must be 
supplied successively; that is to say, a preliminary treatment with oestrogen 
followed by treatment with progesterone supplies the essential condition. If 
oestrin be given in more than minimal amounts simultaneously with pro- 
gesterone, even though all the other conditions are favourable, it will prevent 
progestational changes (Hisaw & Leonard, 1930). Korenchevsky Hall (1937) 
state that in the rat a dose of oestrone greater than i y will counteract the pro- 
gestational influence of 1,500/ of progesterone. 

(h') Mucification of the z'agina. In the course of pregnancy and pseudo- 
pregnancy the vagina undergoes a characteristic histological transformation in 
many species. Stratification of the epithelium occurs as in the period prior to 
oestrus; thereafter the more superficial layers of cells instead of becoming 
squamous and cornified, as they do in oestrus or under the influence of arti- 
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ficially administered oestrogens, are rounded, swollen and ultimately columnar in 
shape, and become loaded with, mucus-like material. This condition, described as 
vaginal mucification, is dependent on the co-operative action of oestrogen with 
progestin or androgen. 

Unlike progestational changes in the uterus, which depend on a preliminary 
subjection to oestrogen followed by progestin, vaginal mucification requires the 
simultaneous action of these hormones, an essential factor being the relative 
proportions in which the two hormones are available. 

(c) Development of the mamma. The co-operative effects of oestrogen and 
progesterone on the mamma will be discussed in a later chapter. 

Vagaries of co-operation. Before ending the present discussion certain reac- 
tions may be recalled which might be thought anomalous. They are reminders of 
the caution required when we are considering the actions of sex hormones, and 
the difficulty of making correct generalizations in this branch of physiology. For 
it is not to be assumed that the co-operatwe effects of the three main types of 
gonadal hormone — androgen, oestrogen and progestin — always follow clear-cut 
lines. The fact that a certain androgen shows a particular effect in co-operation 
with a given oestrogen does not justify the supposition that any androgen will 
co-operate with any oestrogen to produce a similar result. Korenchevsky, Hall 
& Ross (1939) found that while oestradiol dipropionate co-operated with 
testosterone in restoring the accessory generative organs of castrated rats it did 
not co-operate in this way with testosterone propionate in the doses used, and 
was antagonistic to androsterone and /mmdehydroandrosterone. 

When the combined effects of two gonadal hormones of different types are 
under consideration, attention must be paid both to the relative dosages and to 
the precise nature and identity of the two hormones concerned. 

Mutual Antagonisms between Gonadal Hormones 

Before discussing the inhibitory effects which one type of gonadal hormone may 
exercise against another it may be made clear that there is no essential incompati- 
bility between either type of gonad and the sex of the host ; nor does the gonad of 
one sex hinder the survival of a gonad of the opposite sex when the two coexist 
in the same body. If gonadectomy is performed on littermates and the ovaries 
are transplanted into the males and the testes into the females, the gonads will 
grow, and, though they may fail to form mature germinal cells in their new en- 
vironment, they will produce hormones and by these will affect the sexual 
characters and behaviour of the host (Steinach, 1916; Lipschiitz, 1917; Moore, 
1919; Sand, 1919^2, h). The compatibility between the gonads and individuals 
of the opposite sex was shown in another way by Morpurgo (1908), who joined 
male and female rats in parabiosis, to resemble Siamese twins, and noted that the 
individuals retained their sexual characters in spite of the interchange of blood 
which took place between them. Males in this condition were able to sire normal 
offspring. Hill (1932) has performed the same experiment with the same results. 

Instances have been recorded in animals and man in which a testis and an 
ovary have coexisted in the same body (Witschi, 1932; Raynaud, Marill & 
Xicluna, 1939). In such circumstances the gonads are not quite normal in 
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function because they are subjected to heterosexual hormones. ’ An oxar}’ grafted 
into a male will show maturation of follicles without subsequent liiteinization 
because the pituitarx’ of the male does not supply LH; and the testis in the pre- 
sence of an ovar}^ may fail to produce mature spermatozoa. Apart from such 
functional defects there is no incompatibility between the gonads of the two sexes 
when they are both present in the same individual. 

The interplay of the sex hormones is complicated, and there are many ways in 
which one gonadal hormone may interfere with the production or action of 
another. At present we are far from being able to explain all these antagonisms. 
The fact of their existence is important, not only from an academic outlook, but 
from the practical standpoint of human diagnosis and treatment. 

Loeb (igip) seems to have been the first to demonstrate an interference by one 
hormone with the activity of another. He showed that o\niIation is prevented by 
the presence of corpora lutea the extirpation of which in the guinea-pig is fol- 
lowed by ovulation even during pregnancy, Papanicolaou (1920) made con- 
firmatory observations and found that removal of the corpora lutea from a guinea- 
pig accelerates the appearance of the next oestrum, and that the continued pre- 
sence of a corpus luteiim inhibits ovulation and oestrus, as shown by vaginal 
smears. 

Before exemplifying antagonistic reactions between the gonadal hormones, it 
may be recalled that all three types of gonadal hormone can prevent the pituitar}^ 
from forming adequate supplies of gonadotrophin. By this inhibitor}'’ action on 
the pituitary^ testosterone or progesterone given in large enough doses to a female 
will suppress follicular maturation, ovulation and the oestrous cycle; and so long 
as the treatment is continued oestral changes in the vaginal epithelium and other 
consequences of oestrogenic action will not occur, because the production of 
oestrogen is suspended. This indirect form of antagonism by inhibiting pituitary^ 
function has been discussed earlier (p. 51); the present surv’ey will be confined 
to more direct antagonisms between gonadal hormones when administered at 
the same time. 

The co-operativT activities of the gonadal hormones depend upon a correct 
proportion between the available quantities of each hormone. The counterpart 
of this principle is that a disproportion between the amounts of each hormone 
supplied may lead to the display of antagonistic effects. 

(i) Androgen versiis oestrogen, (ci) Inhibition of oestrogenic action by androgen. 
An interference by testicular hormones wnth the action of oestrogen was dis- 
co veered by the Dutch workers (de Jongh, 1933, 1934^, ^935^^ David, Freud S: 
de Jongh, 1934). They found that the epithelial changes induced in the prostate 
and seminal vesicles of the mouse by oestrin could be entirely' prevented by the 
simultaneous administration of androgen. De Jongh (1935^) noticed that oestrin 
causes metaplasia in the prostate more readily in castrated than in non-castrated 
mice, possibly in consequence of the antagonistic action of the androgen pro- 
duced in the latter. In castrated mice he ascertained that 3 c.u. of a testicular 
androgen (Hombreol) were required to counteract the metaplastic activities of 
3 y of oestrin. The testicular androgen (testosterone) was more potent than a 
urinary androgenic extract (androsterone) in preventing this action of oestrin on 
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the prostate. De Jongh (193 5 <3) discovered also that the metaplastic effects of 
small doses of oestrogen on the prostate could be prevented by the administration 
of gonadotrophin, which presumably acts by causing an increased output of 
androgen by the testis. 

Zuckerman & Parkes (1936^2) found that daily injections of 5 mg. of andro- 
stanediol prevented the changes in the prostate and uterus masculinus which 
would otherwise be caused by daily doses of 100 y of oestrone in the immature 
rhesus monkey; and Lacassagne (1937) demonstrated that in the mouse i,oooy 
of testosterone given once a week inhibited the action on the prostate of looy of 
oestrone given during the same period. 

Rusch (1937) showed that 25oy of testosterone given twice a week quite 
counteracted the metaplastic effects of simultaneous injections of 257 of oestrone 
benzoate on the prostate and seminal vesicles of mice. Doses of i5oy of testo- 
sterone had some protective effect but did not quite annul the influence of the 
oestrone benzoate. 

In a like manner androgen will prevent some of the effects of oestrogen on the 
vagina. In spayed mice Robson (1936^, 1937^) observed that the vaginal corni- 
fying effect of i y of oestrone given twice daily was inhibited by doses of 4007 of 
testosterone given at the same time. In causing this effect, he says, testosterone 
propionate is 10 times as effective as progesterone; and it is 20 times as effective 
as progesterone in checking the action of oestradiol on the vagina. Courrier & 
Cohen- Solal (1937) performed similar experiments on spayed rats in which the 
vaginal cornifying effects of subcutaneous injections of o-oz mg. of oestrone were 
prevented by the simultaneous injection of 20 mg. of testosterone, but not by 
1 0 mg. Hain (1937), having determined that the minimal dose of oestrone required 
to cause vaginal cornification in the spayed rat when given 4 times during 36 
hours was 7*5 y, found that this effect could be prevented by the sirhultaneous 
injection of testosterone in four doses amounting together to 2-5 mg. 

Other examples of an interference with the action of oestrogen by androgen 
have been recorded. Gardner & Pfeiffer (19386), when studying the effects of 
oestrogen on the skeleton in the mouse, noticed that the changes produced in the 
bones by oestrin were more readily induced in castrated than in non-castrated 
mice. The matter was thereon put to an exact test. Injections of hormone were 
begun when the mice were between 24 and 75 days old and were continued for 
periods varying from 127 to 232 days. To these mice a weekly dose of 500 or 
1,000 i.u. of oestradiol benzoate was given, and into some of them 1-25 or 2’5 mg. 
of testosterone propionate were injected weekly. These doses of androgen were 
enough to prevent the changes in the skeleton, including dissolution of the 
symphysis pubis, which otherwise were brought about by the action of oestradiol 
in the dosages used. 

Skowron (1935) has recorded a protective action of androgen against the aborti- 
facient action of oestrin on the pregnant rabbit, an effect which may perhaps be 
one more example of a similarity between the actions of androgen and progestin. 

It is possible that androgens interfere with oestrogenic activity in more than 
one way: thus (i) they may directly inhibit the organ responses to oestrogen, 
(2) they may check the animahs own supply of oestrogen from the ovary by pre- 
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veiitiag the output of gouadotiophin from the pituitar}% and (3) they may perhaps 
oppose the action of gonadotrophin on the ovaiyn Gley & Delor ( 1957) used two 
groups of immature female rats. Those of Group I were given 2 mg. of testo- 
sterone propionate every other day, while those of Group II received no testo- 
sterone. After 7 days all the rats were given equal daily doses of pituitary’ 
gonadotrophin for 3 days, the injections of testosterone being continued mean- 
while in the rats of Group L On the 5th day after the first dose of gonadotrophin 
all the rats were killed and their ovaries were e:Kamined. It was found that the 
ovaries of Group I rats were but little overdeveloped and weighed 150 mg. per 
ICO g. of bodyweight, compared with 60 mg. which the authors give as the normal 
ovarian weight at that age. The ovaries of Group II rats which had received no 
testosterone weighed bettveen 300 and 500 mg. per 100 g. of bodyweight. They 
conclude that testosterone checks the action of gonadotrophin on the ovary. 

{b) Inhibition of androgenic action by oestrogen. An important function of 
naturally produced androgen is to maintain the secretory’ activity of the prostate 
and other accessory generative glands of the male. This function is speedily 
inhibited by relatively small doses of oestrogen, the antagonistic influence of 
which, when supplied in large enough amount, extends over a wide field of 
androgenic activity. The naturally formed oestrogens, speaking broadly', are more 
potent biological agents than are the known androgens, and so a relatively small 
amount of oestrogen will in most organs annul the activity of a much larger 
quantity of androgen. This is not an invariable rule. Gky &: Delor (1937) ob- 
serv’ed that daily doses of r mg. of oestradiol benzoate were required to neutralize 
the stimulating activity of daily doses of 2007 of testosterone propionate on the 
capon’s comb. Mtihlbock (1938, 1939) determined the relative amounts of dif- 
ferent oestrogens required to produce this inhibition. The androgens used were 
testosterone and androsterone. Testosterone was applied directly to the comb on 
four successive days, measurements of the combs being made on the fifth dayu 
Androsterone was given by intramuscular injection on four successive days, the 
results also being ascertained on the fifth day. In testing the inhibitory’ action of 
oestrogen against testosterone the two classes of hormone were mixed and applied 
directly to the comb. In the tests with androsterone the oestrogen was injected 
simultaneously with the androgen. Some of the results are shown in Table 55, 


Table 55. Relative amounts of oestrogen sufficient to prevent growth of the 
capon’s comb under the influence of testosterone and androsterone (IVIuhlbock, 

1938) 


Duration 
of ex- 
perinienT 


Total 
dose of 
oestrogen 


Total 
dose of 
androgen 

Method of 
applying the 

Comb 

(days) 

Oestrogen 

(y) 

Androgen 

(yf 

homtones 

grow th 

5 

0 estrone 

100 

Testosterone 

400 

Smearinq coir.b 


5 

Oestrone 

500 

Testosterone 

400 

Smearing comb 

_ 

5 

Oestrad iol 

500 

Testosterone 

400 

Smearing comb 

~ 

5 

Oestriol 

5C0 

Testosterone 

400 

Smearing comb 

— 


Equileiiin 

500 

Testosterone 

400 

Smearing comb 


5 

Oestradiol 

benzoate 

5,000 

Androsterone 

too 

Injection 

— 


The — sign indicates that comb growth, was arrested. 
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Oestrone given by injection in doses of between 20 and i ,0007 had but slight 
effect in preventing the action of androsterone on the capon’s comb. Miihlbock 
also found (1939) that diethylstilboestrol interfered with the action , of andro- 
sterone on the capon’s comb, 2 mg. countering o-i mg. of androsterone. Emmens 
& Bradshaw (1939) have also recorded the fact that oestrogens inhibit the action 
of androgens on the capon’s comb (cf. p. 162). 

Korenchevsky & Hall (1938^) noticed an inhibition by androgen of an action 
exercised by oestrogen on the adrenal. Castration is ordinarily followed by en- 
largement of the adrenal cortex; androgens cause a return of the adrenals in these 
circumstances to a normal size. The administration of oestrogen, they say, 
prevents this restorative action of androgens. 

(ii) Progestin versus oestrogen. A detailed consideration of the antagonisms 
between progestin and oestrogen will appear later and a few of the facts only will 
be mentioned here. 

[d] Inhibition oj the action of oestrogen hy progestin. The absence of vaginal 
cornification during pregnancy, pseudopregnancy and lactation, that is to say at 
periods when active corpora lutea are present, led to the supposition that luteal 
hormones might inhibit the cornifying action of oestrogens on the vaginal 
epithelium. Experiments have shown the supposition to be correct. Pro- 
gesterone, like androgen, will co-operate with oestrogen in producing vaginal 
mucification and will prevent the cornification which oestrogen acting alone 
would produce. The quantity of progestin required for this inhibitory action is 
relatively large. Desclin & Dessiennes (1940) found that as much as i mg. of 
progesterone given subcutaneously failed to prevent vaginal cornification in 
spayed mice in response to O’OOi mg. of oestradiol benzoate. 

Progestin also counteracts the hypertrophic action of oestrogen on the uterus, 
and to a slight extent protects the male accessory genital organs from the in- 
jurious influence of oestrogens. De Fremery ( 1937) has reported another instance 
in which the action of oestrogen is prevented by progesterone . He treated a male 
macacus rhesus monkey with 1,000 i.u. of oestriol applied on alternate days by 
unction. This caused reddening of the sexual skin, scrotal swelling and hyper- 
plasia of the mammary glands. If, in addition to oestriol, i rb.u. of progesterone 
were given on alternate days the scrotal swelling did not occur, though the red- 
dening of the sexual skin and development of the breast were not prevented. 

If the supply of progesterone is proportionately low, oestrone will increase the 
tone of the uterus and increase its sensitivity to oxytocin, whereas progestin, if 
present in large enough amount, annuls this action of oestrone and reduces the 
tonicity of the uterus (Robson, 1933 a,b, 1935 a). This inhibitory action of 
progestin against oestrone appears to be important, not only in preventing pre- 
mature parturition, but also in permitting the uterus to accommodate the growing 
embryo (Reynolds, 1937). These matters will be discussed later in greater detail. 

(b) Inhibition of the action of progestin by oestrogen. Although as mentioned 
earlier both oestrogen and progestin are required for the production of pro- 
gestational changes and of decidual tissue in the uterus, the two types of hormone 
must be present in suitable proportions to achieve these effects. Oestrogen when 
supplied in excess will suppress both the progestational phenomena and the 
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development of a placenta. Robson (1935^2) found in experiments on spayed 
rabbits that the endometrial reaction to a total dose of 0-75 mg. of progesterone 
given during a period of 4 days was completely inhibited by the injection of 107 
of oestrone. 

(iii) Progestin z'^ersus androgen. Miihlbock (193S) found that progesterone, 
like the oestrogens, can counteract the stimulating effect of testosterone on the 
capon’s comb. When smeared together on to the comb, 5007 of progesterone pre- 
vented the action of 0-47 of testosterone. When both were injected simultaneously 
into the pectoral muscles 5007 of progesterone largely inhibited the action on the 
comb of looy of androsterone. 

Factors Influencing the Action of Administered Gonadal Hormones 

A. Variation of Respo?^ses due to Differexces in the Structure 

OF THE Hormone or to the Method of its Admixistration 

(i) The effect of time on the potency of stored material. When experimental 
tests with gonadal hormones are undertaken, it is well to remember that their 
potency may change while they are in storage, and their ability to resist change 
will depend largely on the method of keeping them. D’Amour (1940) tested 
several different commercial preparations and found that both oestrogen and 
progesterone retained their potency in oily solution but gradually lost some of 
it in water. Starkey, Grauer & Saier (1943) state that androsterone and dehydro- 
fsoandrosterone when kept in alcohol acquired increased androgenic potency. 

(ii) Divisioji of doses. Allen, Francis, Robertson, Colgate & Johnston (1924) 
were investigating the action of follicular fluid obtained from sows’ ovaries, and 
of extracts prepared therefrom, on spayed adult rats. The effects were watched 
by means of vaginal smears, with comification of the epithelium as a criterion. 
During these experiments it became apparent that a dose when given in successive 
fractions was more effective than the same dose given as a single injection. These 
results were confirmed by Evans & Burr (1926) and have since been found to hold 
good for oestrone in a pure form and for other hormones. Laqueur & de Jongh 
(1929) compared the effects of oestrin on spayed rats when (i) given as a single 
injection or (2) divided into six portions and injected at inter\’als during 4S hours. 
The total volume of injected liquid was the same in all cases, that of the single 
dose being 0*6 c.c. and of the six divided doses ot c.c. each. Vaginal smears were 
the criteria of effect. The results (Table 56) show an increased reaction obtained 
by dividing the dose. 

Table 56. The increased effect on the spayed rat’s vagina of oestrin 
when given in divided doses (Laqueur de Jongh, 1929) 


Number of 

Total dose of 
oestrin 

Xuiuber of 

Percentage of positive 

rats 

(7) 

doses 

vaginal smears 

I I 

0-9 

6 

0 

14 

3 b 

6 

H 

7 

5'4 

6 

S6 

I 5 

7’2 

6 

93 

6 

7-2 

1 

0 

1 6 

21-6 

I 

0 
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Laquexir & de Jongh found that an increased effect from divided doses of 
oestrin was obtained both with oily and aqueous solutions, and they suggest that 
the enhanced result probably depends largely on a maintenance of the supply of 
hormone, that is to say a prolongation of its action. As Parkes has said, the 
amount of hormone contained in an endocrine gland at any particular moment is 
usually small compared with that which has to be injected to get a response in a 
test animal; the reason for which appears to be that there is a continuous output 
of hormone by the gland with but little storage: conditions which may he dif- 
ficult to imitate by periodical injections. 

Marrian & Parkes (1929&), testing the effects of oestrone on spayed mice, also 
noted that an enhanced response is obtained by giving divided doses whether an 
aqueous or an oily medium be used. Deanesly Sc Parkes say that the in- 

creased response to oestrone obtained by dividing the dose is not nearly so pro- 
nounced in the rabbit as in the rat. In their experiments, as in those of Laqueur 
Sc de Jongh, the enhanced effect obtained by dividing the dose was more marked 
with aqueous than with oily solutions. 

To some extent the increased reaction following divisional dosage depends 
upon the hormone used, the results varying with different compounds. Emmens 
(1939 a) using spayed mice as the test objects found that the total dose of oestrone 
necessary to cause a positive vaginal response in 50 per cent of the mice could be 
reduced by 30 per cent when four successive injections were given instead of two. 
Cornification of the vagina could be obtained with 77 of oestriol when given in 
two doses, whereas 0‘i6y sufficed if this was given in four separate portions — 
a more than fortyfold increase of effectiveness. Some of the results obtained 
with oestriol are shown in Table 57. 

Table 57. The enhanced oestrogenic effect of oestriol when 
given in successive divided doses (Emmens, i 939 < 3 ) . 


Total 

dose 

Number of 

Percentage of test mice in which 

(y) 

injections 

vaginal cornification was obtained 

10 

2 

70 

7 

2 

50 

o '5 

4 

100 

O' 1 8 

4 

70 


(iii) Site of application, {a) Oral administration. Speaking generally, this is 
not well adapted for accurate experimentation with gonadal hormones on animals. 
Some of these hormones, though not all, have but little action on the body when 
given by this route. Marrian Sc Parkes (1929^) have stated that when aqueous 
solutions of oestrone were being tested on spayed mice administration by the 
mouth required 100 times the amount of that given subcutaneously to produce 
vaginal cornification. Girard, Sandulesco & Fridenson (1933), too, found that 
much larger doses of oestrone are required to cause vaginal cornification in spayed 
mice if given orally instead of subcutaneously. Oestrone resists the digestive 
juices, they say, and its relative ineffectiveness when given by the mouth is 
probably due to the fact that it is not readily absorbed from the intestinal tract. 
They found, however, that the rate of absorption from the stomach and intestines 
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could be influenced by several factors, being enhanced by dividing the doses, by 
increasing the dilution of the solutions in which it is given and hy the addition of 
alcohol. They found that oestradiol given per as in three equal fractions to spayed 
rats is slightly more active in causing comification of the vagina than an equal 
dose of oestrone given in an oily solution as a single subcutaneous injection. 
Oestradiol it may be noted is 3 or 4 times as soluble as oestrone in water and is 
very soluble in alcohol. Some of the synthetic oestrogenic compounds are readily 
absorbed from the intestine. Parkes, Dodds Sc Noble (193S) found that relatively 
small amounts of ethinyloestradiol and diethylstilboestrol when given by the 
mouth to rabbits prevented nidation of the ova after fertilization. A daily dose of 
0*5 mg. ethinyloestradiol begun 9 to 10 days after mating led to resorption of the 
ova. A total dose of 207 given by the mouth was sufficient to prevent pregnancy 
in rats if the administration were begun on the day following coitus. 

Some compounds wffien given by the mouth may produce biological reactions 
even more readily than when administered by subcutaneous injection. Emmens 
(1939^) reported this to be the case with the higher esters of diethylstilboestrol 
and ethinyloestradiol. He states that esterification prolongs the action of these 
compounds when given by injection without increasing the degree of their 
activity, whereas esterification does not cause any prolongation of effect when the 
compounds are given by the mouth. Inhoffen & Hohlweg (1938) compared the 
effective doses of different oestrogens when tested on spayed rats by subcutaneous 
and oral administration, vaginal comification being the test. Their results show 
that while oestrone and oestradiol are relatively inert when given by the mouth, 
oestriol and ethinyloestradiol are highly effective (Table 5S). 

Table 58. Comparative effectiveness of oestrogens when given to spayed rats by 
mouth or by subcutaneous injection (Inhoffen & Hohlweg, 1938) 



Effective dose when 

Effective dose when 


given subcutaneouslv 

given by mouth 


(y) 

(y) 

Oestrone 

0-83 

60 

Oestradiol 

o-i 

50 

Oestriol 

10 

10 

E tkinyloestrad iol 

01 



Inhoffen Sc Hohlweg (193S) say that whereas ethinyltestosterone (pregne- 
ninolone) when given subcutaneously has only one-third of the activity of pro- 
gesterone, given orally it has a greater efficiency than progesterone, 4 mg. causing 
a positive progestational response in the immature rabbit’s uterus. Miescher ^ 
Tschopp (193S) have shown that when given by the mouth to rats methyl- 
testosterone is more effective than testosterone propionate. Biskind (194c) be- 
lieves that this fact may be explained by absorption of the compounds from the 
aliinentarv canal through different routes, one being conveyed by the blood 
v’essels and the other by the lymphatics. The latter route would avoid immediate 
subjection of the compound to the liver and so postpone the inactivating action 
of that organ. To test the matter he inserted pellets of methyltestosteroiie into the 
subcutaneous tissue or spleen of castrated rats. In the former case the usual 
restorative androgenic effects followed, hut not in the latter, presumably because 
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on entering the splenic blood vessels the androgen was conveyed directly to the 
liver and inactivated there. 

(b) Intraperitoneal injection. When, investigating the biological properties of 
oestrogenic extracts of sows’ ovaries, Evans & Burr (1926) saw a pronounced dif- 
ference between the effects of subcutaneous and intraperitoneal injections. An 
amount of the substance enough to cause an oestrous vaginal response in rats 
when given subcutaneously was without obvious oestrogenic effect when injected 
into the peritoneum. This route of administration is little used at the present day 
in experiments with gonadal hormones. It will be remembered that gonado- 
trophins are relatively inactive when given by intraperitoneal injection. In both 
cases it seems probable that the inactivation of the hormones may be due to their 
early subjection to the action of the liver when introduced by this route. 

(c) Subcutaneous injection. This is the method of choice when seeking the 
general effects of a given hormone, and in many instances too when the action on 
an individual structure is under inquiry. The method has the advantage of accuracy 
in dosage, and the disadvantage, when the effects on a single organ are under 
observation, that a proportion of the dose is wasted because of its wide distribu- 
tion through the body. 

{d) Direct local application. This has proved to be of value in many instances 
when the organ whose reaction is being tested is accessible. The capon’s comb is 
available for this purpose, as shown by Fussganger (1934). Greenwood 8c Blyth 
( 193 5 <2) have found that androsterone injected directly into the capon’s comb pro- 
duces a greater response than that elicited by the same dose injected into the 
pectoral muscles, and Dessau 8c Freud (1936) report a similar enhanced effect 
with testosterone and androsterone when these are smeared on the surface of the 
comb. Deanesly & Parkes (1937(3), when testing a preparation for androgenic 
potency, noted that a total dose of 2*5 y by direct application to the surface of the 
Qapon’s comb gave as large a response as 5007 given by injection into the pectoral 
muscles. Emmens Sc Bradshaw (1939) confirm the increased responsiveness of 
the capon’s comb to gonadal hormones when directly applied. They say that the 
action on the capon’s comb of androgen given by injection is inhibited much 
more readily by oestrogens if these are applied directly to the comb than if they 
are injected elsewhere. The ratio of the effective dose when oestrogen is applied 
directly to the comb to that when it is given by subcutaneous injection at a distant 
site is for the different compounds used as follows: 

Oestrone, i :47o; Oestradiol, i : 180; Diethylstilboestrol, i : 2. 

Dessau (1937) states that different ratios are shown between the potencies of 
androgens when assayed by injection into the pectoral region and by direct 
application to the comb. Androstenedione, androstanedione and androstanediol 
have, he says, about the same potency as androsterone when applied directly to 
the comb. These findings are in contrast with the relative potencies of the com- 
pounds as estimated by pectoral injections. 

The vagina also is available for the direct application of hormones. Berger 
(193 5) has found that by vaginal application | m.u. of oestrone is enough to cause 
cornification in rats in which more than 6 m.u. are required when given sub- 
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cutaneously. Lyons & Templeton (1936) also state that the vagina is very’ sensi- 
tive to direct application of oestrogens, comilication being obtained in rats with 
0*1 to o-S c.c. of the urine of normal women at ditferent stages of the oestrous 
cycle. 

The increased reaction obtained by the direct application of oestrogeiis to the 
vagina is not the same for all compounds. Freud ( 1939) has compared the vaginal 
reactions to similar doses of various oestrogens when given subcutaneously or hy 
direct application and he finds considerable differences in the results. Oestradiol 
benzoate, for example, is equally effective in causing vaginal cornitication whether 
given subcutaneously or applied directly to the vagina, whereas stiiboestrol is 12 
times as effective when given intravaginally as when given by subcutaneous injec- 
tion (Table 59). 

Emmens (1941) says that some oestrogens, including oestradiol and stii- 
boestrol, are much more active in causing vaginal cornification when directly 
applied to the reacting tissue than when given subcutaneously at a distant part 
of the body, an extreme example being provided by oestriol, of which 2,000 times 
the effective vaginal dose is required to cause cornification if the hormone is given 
by subcutaneous injection. Other oestrogenic compounds given intravaginally 
bring about cornification only if given in doses equal to those required to produce 
the same result when given subcutaneously. Emmens suggests that the latter 
compounds might be termed prooestrogens, and that they are converted into 
oestrogens only after their absorption and metabolism. 

In further experiments Emmens (1942) spayed mice and divided their vaginae 
into two compartments, making the anterior one to open suprapubically while the 
posterior compartment retained its normal perineal aperture. By this means the 
prooestrogens and oestrogens could be readily distinguished, for oestrogens intro- 
duced in small amount in the upper sac caused cornification limited to that cavity, 
whereas prooestrogens applied in the same way brought about cornification in 
both sacs if they* caused cornification at all. The experiment shows that pro- 
oestrogens do not become oestrogenic before they have entered the general 
circulation . 


Tvble 59. Threshold doses of different oestrogens when given 
subcutaneously and intravaginally (Freud, 1939) 

Threshold dose 



Subcutaneous 


injection 

Com pound used 

(y) 

Stiiboestrol 

0’37 

Oestradiol 

0125 

Oestradiol benzoate 

0-Z5 

Oestrone 

IS 


Direct application 


to vagina 

(y) Ratio 

Less than 0*03 12:1 

Less than 0-03 4:1 

Less than 0*3 i : i 

ZMore than 0-8 2:1 


Tspinasse (1939a) states that doses of oestrone dissolved in arachis oil, which 
are too small to cause detectable reactions in the vagina when given subcut- 
aneously in distant regions of the body, will be effective if injected into the 
perineum. He also learned that with doses large enough to produce a vaginal 
reaction when given in either of these ways, the greater result, as determined by 
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direct measurement of microscopical sections, is obtained by the perineal in- 
jections. 

When testing the effects of oestrone on the plumage pigmentation in brown 
leghorn capons, Greenwood &Blyth. (1935 &) found that by local intradermal in- 
jection positive results could be obtained by doses too small to cause a response 
w^hen injected into the pectoral muscles. The distribution of effect when the 
hormone was given intradermally showed that it spread by diffusion. The breast 
feathers of the brown leghorn are normally black in the capon and light-coloured 
in the hen. Oestrone given while the feathers are growing prevents the black 
pigmentation, and the effect of a single dose is to cause a light bar across the 
growing feather corresponding in width to the duration of oestrogenic action. 
Small doses of oestrone made into the skin of the breast after plucking affect only 
those feathers in the vicinity of the injection, and the sides of the feathers nearest 
to the site of injection react sooner and more widely than the sides which are 
farther away (’Espinasse, 193 9 5 ). 

The efficacy of a direct application in producing a local reaction has been 
demonstrated further by Lacassagne & Raynaud (1937), who obtained an epi- 
thelial response to testosterone in the castrated rat^s seminal vesicle with a dose 
of only 2*5y when this was injected into the vesicle. Another remarkable example 
of enhancement of efficiency by the direct application of a hormone to the re- 
acting tissue is reported by McGinty, Anderson & McCullough (1939), who in- 
jected progesterone into the uterine cavity of immature rabbits which had re- 
ceived previous treatment with oestrone ; by means of single doses ranging from 
0*5 to 57 they obtained progestational responses equal to those induced by 5007 
when given intramuscularly in five divided doses. These results have been 
confirmed by Haskins (1939), who, moreover, using the same technique got 
positive progestational reactions with as little as 0-2 c.c. of serum from a pregnant 
guinea-pig when this amount was introduced into the uterus of an immature 
rabbit which had been subjected previously to oestrone. 

When smeared on the skin the effect produced by oestrogen on the underlying 
mamma is greater than that caused by subcutaneous injection at some distant 
site. ’Espinasse’s observation on the diffusion of oestrone in the tissues immedi- 
ately surrounding the original site of injection may be recalled when considering 
this phenomenon. 

Cutaneous application. When applied to the skin in suitable solvents 
(ether, chloroform, benzene, alcohol, or oil) the gonadal hormones readily enter 
the bloodstream and affect the susceptible organs. Although not suitable for 
quantitative w^ork, the method has been employed in qualitative tests and in 
human therapy. The writer has made extensive use of cutaneous applications 
when testing goiiadal hormones for carcinogenic potency in mice. In these ex- 
periments the hormone was dissolved in alcohol, chloroform or benzene, one 
drop of the solution being applied to the skin of the interscapular region twice a 
Aveek. The hormones so applied are readily absorbed through the skin and pro- 
duce all their recognized effects. 

In man Zondek (1938) has found that oestrone dissolved in g6 per cent alcohol 
and rubbed into the skin is as effective as the same dose given subcutaneously. 
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IMost often in human therapy oily and fatty solvents have been used for the 
cutaneous application of horinones. Moore, Lamar & Back ( 193S | tested a ‘face 
cream’, consisting of 0'625 mg. of oestradiol in each ounce and used for cosmetic 
purposes by women. Applied to the skin of spayed rats this ointment led to 
cornification of the vagina and distension of the uterus, and in immature male rats 
caused a considerable reduction in the weights of the testes. 

De Fremery ( 1936) reported that the effect of oestradiol benzoate on the goat's 
mamma was greater if the hormone was applied hy unction directly to the udder 
that if injected in another part of the body. A comparable observation was made 
on the rabbit by Lyons dc Sake (1940). They' used six males, and, starting the ex- 
periment when the animals were 2 months old, applied oestrone in oil into the 
skin immediately around the nipples of the left side, while sesame oil alone was 
applied in a similar way to the nipples and areolae of the right side. On each 
occasion one drop was applied to each mamma by a medicine dropper, these 
treatments being repeated on 5 days a week. In three of the rabbits each dose 
contained 3 units of oestrone and in the other three i unit was used. At the end 
of 5 weeks the mammae, fifty-three in all, were examined and it was found that 
the nipples and glands on the treated side were abnormally enlarged; those on 
the right side, having received no oestrin, were normal. 

MacBryde (1939) compared the effects of oestradiol on the human mamma 
when given by injection and by local application respectively. For the latter he 
dissolved the oestradiol in an ointment composed of lanolin and soft paraffin. 
Each day 5 g. of this ointment, containing 25,000 i.u. of oestrogen, was applied 
to one of the two mammae over a circular area of 10 cm. diameter with the nipple 
as the centre. He found that unction applied in this way was more effectual than 
injection in causing development of the mamma, and the breast directly treated 
show^ed a greater ultimate response than its fellow of the opposite side. 

Speert (1940) performed the same sort of experiment on immature rhesus 
monkeys. Oestrone dissolved in alcohol (50/ per i c.c.) was painted daily around 
the left nipple. The right mamma was treated in the same way but with alcohol 
alone. After 50 or 75 days of this treatment the left mammae were enlarged, 
whereas the right mammae had remained unaffected. 

(/) Intravenous injections. These have been little used in experimental work 
on the gonadal hormones. With most of the small animals available for tests the 
method has no advantage to outweigh the difficulty of using it. The method has 
been of value in studies of the distribution, inactivation and excretion of the 
gonadal hormones, but little attention seems to have been given to the relative 
effectiveness of hormone when given by this route. 

(iv) The nature and volume of the solvent : Injection of umlissaived bomiones. 
(a) The nature o f the solvent , ]\ liescher, Wettstein &Tschopp ( 1935 ) when testing 

the activities of testosterone perceived that the results depended largely on the 
nature of the solv'cnt used. Given in paraffin testosterone appeared to be inactive. 
Deanesly & Parkes (i 937«) also noticed the important part played by the solvent 
in this sort of test. Absorption of oestrone from castor oil took place very" slowlv, 
and androsterone dissolved in i : z prophylene glycol, which is miscible with both 
oil and water, was more than 3 times as effective as when given in olive oil. 
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The capacity of oil for spreadiag over the surface of the skin may be a hindrance 
to its use as a solvent. Klempner, Frank & Hollander (1940) when using young 
chicks for the assay of androsterone noticed that an oily solution applied to the 
comb was apt to overrun the adjacent skin so that some of its capacity to affect the 
comb was dissipated. Using 95 per cent alcohol as the solvent instead of oil the 
response to a given amount of androsterone was increased by more than 150 per 
cent- 

(b) The mlume of the solvent. Deanesly & Parkes (193 6Z>) drew attention to 
the fact that the results of a given dose of hormone are largely affected by the 
volume of the solvent in which it has been administered. When testing the 
reactions of the prostate and seminal vesicles of the castrated rat to androsterone 
dissolved in oil they found that by increasing the volume of the oil 5 times the 
effectiveness of 10 mg. of androsterone was doubled. The reactions to testo- 
sterone also were enhanced by increasing the volume of oil in which the doses 
were given. Freud, Dingemanse & Polak (1937) have made similar observations. 
In a later paper, Deanesly & Parkes (1937^) say that if the volume of oil is in- 
creased up to a point where the solution is stable the effectiveness is reduced, the 
higher activity of the concentrated solution being the result of a delayed absorp- 
tion of the hormone, which may have crystallized out shortly after injection. 
Once the volume of oil is enough to produce a stable solution a further increase of 
the oil may enhance the effectiveness of the contained hormone by slowing the 
rate of absorption. 

The nature of its solvent may influence the effectiveness of a hormone by 
causing a change in its chemical structure. An instance has been given by 
Miescher and his colleagues, and will be discussed in connection with the action 
of androgens. Interesting examples of delayed absorption due to the nature of the 
solvent have been recorded by Parkes (1942), who found that thyroxine dissolved 
in cholesterol is not absorbed in weighable amount in the tissues in the course of 
se'veral months, and 100 mg. tablets of cholesterol containing 15 per cent of 
adrenalin yielded only about 5 mg. of the latter in a month. 

(£') The injection of undissolved hormones. Deanesly & Parkes (i 937 a, b) found 
that the action of testosterone and oestrone was prolonged if, instead of giving 
them in solution, they were introduced in the solid form beneath the skin. For 
example, 2 mg. of oestrone given subcutaneously as a tablet exerted its action on 
a capon’s feathers for a period of between 2 and 3 months instead of for i or 2 
days only as was the result of giving the same dose dissolved in oil. Ey weighing 
the tablet before and after, the amount absorbed in the intervening period could 
be determined. 

(v) Augmentation of effect by delaying ike rate of absorption. Apart from 
changing the nature or volume of the solvent there are two ways of delaying the 
absorption of a compound injected into the tissues. The one is to cause a local 
inflammation at the site of injection and the other is to give the compound in a 
less soluble form. 

(a) Delayed absorption due to inflammatory fixation. When the factors which 
influence the effectiveness of artificially administered gonadotrophin were being 
discussed the increase of effect due to the presence of impurities in the injected 
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material was mentioned and was attributed to a slowing in the rate of absorption 
brought about by a local inhainmator\' reaction (p. 74). The principle involved 
seems applicable also to the gonadal hormones, though the evidence available 
is not complete on this point, because in past experiments bearing on the subject 
it is not always possible to separate the effect of infl amnia to r\’ ffxation from that 
of a chemical change in the gonadal hormone itself. 

Laqueur and liis colleagues (Laqueur, David, Dingemaiise Sc Freud, 1935; 
Freud, 1935; Freud, Dingeinanse & Polak, 1935) observed that the action of 
testosterone and androstanediol could be considerably enhanced by the addition 
of certain tissue extracts which in themselves were devoid of androgenic power. 
Effective extracts of this kind could be obtained from various sources, including 
bulls’ testes, the blood of oxen and cows, liver, adrenal, ovaiw and wheat germ. 
If a castrated male rat was given daily for 4 days 0-015 mg. of testosterone together 
with one of these augmentary extracts or ‘X-substances’, as they were called, the 
responses of the seminal vesicles were increased twofold or more compared with 
those produced by the same dose of testosterone givTn alone. The action of 
androsterone was not enhanced by the addition of these extracts. 

In these experiments some of the effects may have been attributable to inflam- 
matory fixation and some to esterification of the hormones. 

(b) Delayed absorption due to esterification of the hormones. Miescher, Wett- 
stein & Tschopp (1936) confirmed the observ^ations of Laqueur and his colleagues 
which have been quoted abov^e, and discovered that many different fatty acids 
were activators of testosterone ; the most effective in this respect being palmitic, 
arachidic and propionic. The tests were made as follows : rats weighing between 
60 and 80 g. were castrated and 4 weeks later were given daily doses for 10 day’s 
of 507/ of testosterone in sesame oil to which 50 mg. of the various fatty acids to be 
tested were added. The rats were killed on the nth day and their accessory 
genital glands were weighed. A few of the results are shown for comparison in 
Table 60. 

Table 60. The action of testosterone on the accessory’ genital glands of castrated 
rats as affected by esterification (IMiescher, Wettstein & Tschopp, 1936) 

Weights of organs in mg. 


Material of daily injection 

Seminal 

vesicles 

Prostate 

Cowper's 

glands 

Prep lit] 
gland: 

Sesame oil only 

H 

4t 

49 

5 7 

Testosterone 50 y 

42 

tb 

75 

5 5 

Testosterone soy 

50 

102 

12S 

76 

plm Benzoic acid 50 mg. 

Testosterone soy 

235 

2 10 

205 

QI 

plm Palmitic acid 50 ing. 

Testosterone soy 

135 

1S2 

1 74 


plm Arachidic acid 50 mg. 

1 estosterone 50 y 

117 

15S 

1 50 

70 


plin Propionic acid 50 nig. 


Callow (1936^^) reported that the effectiveness of androsterone could be in- 
creased by giv’ingitin the form of benzoate, as is true also of oestrone; and Freud, 
Dingenianse & Polak (1937) showed that the potency of testosterone is enhanced 
when combined with acetic or propionic acid. 
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Deanesly & Parkes (1936^; Parkes, 1936) repeated some of these experiments 
with confirmatory results. They showed that the addition of palmitic acid to oily 
solutions of testosterone caused a great increase in the response of the accessory 
generative organs; but no such enhancement of effect was seen if the testosterone 
was injected into one side of the rat and the palmitic acid by a separate injection 
into the other. In some instances the potency of a hormone is decreased by 
esterification. For example, benzoylation, they say, will certainly decrease the 
solubility in body fluids of androstanediol and /ra; 25 androstenediol, whereas 
succinylation will certainly increase the solubility of testosterone. They suggest 
that the relative inactivity of these compounds may be due to the fact that the 
benzoates became too insoluble to be absorbed and the succinates too soluble to 
remain in the body long enough to produce a visible reaction. 

David, Dingemanse, Freud &: Laqueur (1935), when reporting the increased 
androgenic activity of testosterone after the addition of ‘X-substance’, pointed 
out that this increase was not shown in the response of the capon’s comb. 

(vi) Adjutant or antagonistic actions by two or more gonadal hormones when 
present at the same time. Between the three main types of gonadal hormones 
there are many interactions, and when mixed, as they usually are in nature, the 
biological effects caused by one hormone will be determined largely by the pro- 
portions in which others are present. The matter has been discussed earlier 
(pp. 115, 118). 

(vii) Duration of the experiment. When the quantitative effects of a given 
gonadal hormone are being estimated it is essential to consider their duration. 
As Miescher, Fischer & Tschopp (1937) have found, if enol esters of testosterone 
be given in daily doses to castrated rats for 10 consecutive days the results as de- 
termined on the nth day will be less than those obtained by equal amounts of 
testosterone propionate given in the same way, but they will last much longer. 
Judged by this standard the enol esters of testosterone are more potent than testo- 
sterone propionate. For example, testosterone-3-acetate- 17-butyrate given in a 
single dose of 2 mg. caused the seminal vesicles and prostate at the end of 40 days 
to weigh 140 and 190 mg. respectively, compared with controls of 14 and 45 mg. 
The effect of an equal dose of testosterone lasts only about 7 days and that of 
testosterone propionate about 20 days. 

A useful summary of variables affecting the estimation of gonadal hormone 
activities by assay on living animals has been made by Emmens (1939^). 

(viii) The magnitude of the dosage. The degree of response of an organ or 
tissue to a gonadal hormone is not always directly proportional to the amount of 
hormone supplied. To a certain point the reaction will increase in accord with 
the dose, but above an optimum dosage a further increase may be followed by a 
diminished response.. For instance, moderate doses of oestrogen will cause an 
increased development of the mammary ducts, whereas excessive amounts will 
check extension of the ducts, causing them to be stunted. 

(ix) Dijferent effects produced by continuous or intermittent treatment mth the 
same total dosage. Lipschxitz, Rodriguez & Vargas (i 941), when investigating the 
effects of oestrogen on the guinea-pig’s uterus, learned that these effects were 
much greater if the doses were given 3 times a week regularly than if double or 
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treble the dosage was used in one week and an inten'al of a week or a fortnight 
were then allowed to pass without any treatment. This observation applied to the 
induction of general enlargement of the uterus, adenomatosis, and the formation 
of polrps and fibroniyomata. 

B. VARIATIOrs^S IN THE RESPONSE TO A GIVEN" DoSE OF GONADAL 

Hormone due to differences in the recipient individual or 

TISSUE 

(i) Innate z'ariaiiom in a siri§;le species. Laqueur Sc de Jongh (1929), during 
a studv of spayed rats and mice in connection with the accurate assay of gonadal 
hormones, noticed that individual animals did not all respond eNactly alike to the 
same dose of hormone. For example, twenty-four mice were divided into two 
groups of twelve and each was injected with oestrone 4 times at inter\"als of a 
week. The mice of the first group received less than i m.u. for each dose, and 
those of the second group received about 2 m.u. for a dose. Not a single mouse in 
either group reacted in quite a uniform manner to all the four injections, accor- 
ding to the meticulous grading of responses employed. Even regarding straight- 
forward positive and negative results, only six of the mice gave identical reactions 
to all the four injections. Three of the mice never gave a positive vaginal smear. 
These differences of response were not always constant attributes of individual 
mice in these two groups; in most instances they altered with time. A wide ex- 
perience however has shown in rare instances, Laqueur & de Jongh say, that 
discrepancies in reaction have persisted in individual mice. The result appeared 
to be affected in some instances by the animal’s health. In these comparative tests 
differences of body-weight were found to be negligible factors. 

Wider discrepancies are seen when the actions of a given hormone on different 
inbred strains of mice are compared. It has been shown (Bonser, 1936; and 
Bonser Sc Robson, 1940) that the three well-known strains of inbred mice Rm , 
Strong A and CBA do not respond exactly alike to oestrogens. Once a week 
3 mg. of triphenylethylene or 507 of oestradiol dipropionate were given to males 
of the three strains. In Rm mice these doses caused the development of mammary 
alveoli, mammary cancer, scrotal hernias, cornification of the coagulation gland 
and degeneration of the adrenal cortex. In the Strong A mice mamman" alveoli 
developed and a few cases of mammary^ cancer occurred, scrotal hernias formed, 
but no cornification appeared in the coagulation gland, degeneration of the ad renal 
cortex was slight or absent, and a striking hyperplasia of the interstitial glandular 
cells of the testes was caused — a change which was not found in the R:u or CBA 
mice. In the CBA mice no mammary alveoli or cancer developed, no scrotal 
hernias formed, and hyperplasia of the interstitial gland of the testis and adrenal 
degeneration were slight or absent; cornification of the coagulation gland occurred 
as in the Rm mice. Some of these results are given in Table 61 . 

The effect of heredity on oestrogenic neoplasia is exeinpliiied in the CBA females, 
which show very little liability to mammary cancer under the influence of 
oestrogen, tvhereas uterine tumours are readily caused in them, which is not the 
case with most of the strains subject to cancer of the breast under the same con- 
ditions. Aliller &:Pybus (1942) gave 300 i.u. of oestrone weekly by subcutaneous 
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Table 6i. Varying effects of oestrogen in the males of different inbred 
strains of mice (Bonser Sc Robson, 1940) 

Hyperplasia 

of interstitial Comification 
glandular in accessory Lipoid Enlarge- 
Mammary Scrotal tissue of genital degeneration ment of 
Strain cancer hernia testis glands of adrenal pituitary 

Riii -f-f- 4*-l- ■++ -f-. 

Strong A-f -f +-{- 4-— — 

CBA + 4 4- 4 - 4 

injection to twenty-six spayed and twenty-eight non- spayed CBA mice. The 
incidence of uterine tumours — mostly fibromata or fibrosarcomata — was about 
the same in each group and amounted to 55*5 per cent of the total number of mice 
employed; mice of other inbred strains have seldom responded to oestrogen, 
by the formation of uterine tumours. Moreover, after prolonged dosage with 
oestrogen hepatomata occurred with peculiar frequency in CBA males, but not in 
mice of other strains. These differing effects produced by the same oestrogenic 
treatment cannot be attributed merely to general factors such as inequality in the 
rate of metabolism or excretion of oestrogen or to a general difference of suscepti- 
bility to its action in the different strains, for the responses of the individual 
organs varied. 

(li) Effect of a priming dose. When using spayed rats or mice for the assay of 
oestrogens it is usual after removing the ovaries to give what is called a priming 
dose of oestrogen. Emmens (i 939^2) states that the result of an assay will be con- 
siderably influenced by withholding this priming dose. He spayed a batch of 
mice, rested them for a month, and then gave I2y of oestriol to each in two injec- 
tions. In three consecutive tests carried out on the same mice in this way positive 
vaginal responses were obtained in 30, 65 and 75 per cent respectively. 

(iii) Seasonal and cyclical infltiences. Just as Laqueur & de Jongh found un- 
explained differences in the reaction to oestrogens on the part of individual rats 
and mice, so Gallagher 8 c Koch (193c) have observed an inconstancy among indi- 
vidual capons in the response of their combs to androgen. The age and weight 
of the capons and the initial size and shape of the combs did not account for these 
variations. Gallagher & Koch thought that seasonal influences ought to be con- 
sidered when these tests are being performed. David (1938) states that the capon’s 
comb is smaller in winter than in the summer and that the application of an 
androgen will evoke a greater response in the winter than in the summer (p-97). 

Del Castillo & Pinto (1939) have noticed seasonal changes in the reproductive- 
ness of the rats at their institute in Buenos Aires, there being a diminution of 
births in the autumn and winter. Seasonal variations occur also in the dimensions 
of the accessory genital organs. The seminal vesicles, they say, have a maximal 
w^eight in November, December and January, that is to say in the summer time 
in the southern hemisphere. After February, which corresponds to autumn in 
northern latitudes, the weight of the seminal vesicles begins to lessen, reaching a 
minimum in May. A gradual increase begins in June. Basing their conclusions on 
the examination of 294 rats, they suggest that seasonal factors cannot be ignored 
when the effects of artificially administered hormones on rats are being examined. 
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Del Castillo & Calatxoni (1930) discovered what seem to be re^jkir cvdical 
changes in the responsiveness of the spayed rat's vagina to oestrone. Thev sav 
that if daily doses of o-i to 0*2 i.u. of oestrone are given to spayed female nits 
regular cycles of vaginal cornilication can be induced. Wade& Doisy (iq],^a} save 
oestriol (0*65 to 3*07) daily to spayed rats for an extended period. During this 
time they noticed irregular cycles of vaginal corniiication. Zuckerman (1937^) 
noticed evidence of similar cyclical variations of responsiveness in the monkev’s 
uterus. In a spayed rhesus receiving 100 i.u. of oestrone dailv for i vear phases 
of uterine bleeding recurred at intervals vaiying from 5 to 7 weeks. 

(iv) The general condition of the recipient. The writer has no note of any 
experiment which bears specifically on this matter., but a general knowledge of 
biological reactions makes it likely that the response to gonadal hormones, as 
to other physiological agents, may be affected by the bodily condition of the 
recipient. As an extraneous and rather special example it may be mentioned that 
in man the intravenous injection of 10 mg. of thyroxine given to a patient whose 
basal metabolism is —40 will cause a reaction 7 times as great as when the same 
dose is given to a patient with a normal basal metabolic rate. 

(v) Hyperaemia of the reacting tissue. On hypothetical grounds it seems -prob- 
able that a local hyperaemia would increase the effectiveness of a hormone carried 
in the circulation, for more hormone w’ould be brought to the hyperaemic re- 
acting tissue in a unit of time than would arrive there in the absence of hyper- 
aemia. How'ever, this suggestion must remain speculative until the subject has 
been elucidated by experiment. 

(vi) Inflammation. The only direct investigation into this matter known to the 
writer is that of Brunelli (1935), who showed that inflammatory agents led to an 
elective fixation in the inflamed tissue of oestrone given intravenously to rabbits. 
There is a little indirect experimental support for the suggestion that inflam- 
mation may act as an adjuvant to the local action of hormones. We might by this 
means explain the observation of Wade & Doisy (1935^) that daily SAvabbing alone 
may induce cornification in the spayed rat’s vagina. It is known that removal of the 
ovaries does not entirely abolish the production of oestrogen, and it may be that 
the small amount circulating in the spayed rat may become sufficiently concen- 
trated under the influence of inflammation to cause a distinct biological response. 
The finding by Mixner 5 c Turner (1941 a) that the application of turpentine to the 
nipples and surrounding skin caused a delay of mammary involution after re- 
moval of the young might also perhaps be explained in this way. 

(vii) The effect of liflit and temperature. Womack, Koch, Domm 5 c Juhn 
(1931) gave daily injections of an androgenic testicular extract for 10 days to 
brown leghorn capons. The birds were arranged in three groups. Group 1 were 
kept in large pens with free exposure to sunlight and opportunity for exercise; 
Group II were in small cages with free exposure to sunlight but without facilities 
for exercise; Group I II were kept in small cages in the dark. In these conditions 
the birds of Group III showed a much greater comb growth than those of Groups 
I and II. Itwas concluded that light checked comb growth inresponse toandrogen. 
Emmens (1939^) was unable to explain variations in the response of spayed 
mice to oestrone by any seasonal effect. iMice kept in darkness and cold reacted 
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like normal controls. Mice, however, which were exposed to continuous illumina- 
tion showed a diminished responsiveness. His experiments were done in March. 
Mice were arranged into four groups of twenty each and for 3 days before and 
during the tests each group was placed under different conditions of temperature 
and light. Each mouse received i i.u. of oestrone given by two injections. The 
results are showm in Table 62. 


Table 62. The effects of light and heat on the vaginal response of spayed mice 


Mean 

temperature 

25° C. 
25° C. 
20“ c. 
13“ c. 


to oestrone (Emmens, 1939^2) 

Lighting conditions 

Normal daylight 
Continual darkness 

Continual iUundnation by daylight and electric light 
Continual darkness 


Percentage of positive 
vaginal responses 

55 
65 
30 

60 


Continual illumination is not a natural environment for mice, and it is con- 
ceivable that their health was disturbed by the exposure. However this may be, 
the experiment shows that continual exposure to light diminished the vaginal 
response in mice to artificially administered oestrone. 

In fowls it seems that moderate heat lessens the response of the comb to 
androgen. Hain (1938) injected 0*5 mg. of androsterone daily into bantam capons. 
These were separated into two groups, one being kept at a temperature of 40^- 
48° F. and the other at 5o'^~-64° F. The ratios of increased height-plus-length of 
the comb in the two groups at the end of the 5 days were 575 : 3*3 mm. 

(viii) Gonadal activity. This may interfere with the action of gonadal hor- 
mones, and for biological assay of these compounds spayed or castrated animals 
are required. Parkes & Bellerby(i926) showed that the quantity of oestrinneeded 
to produce oestral changes in the vagina of the normal lactating mouse is from 
2 to 4 times that which will cause these effects after spaying. Reference to the 
mutually antagonistic or adjuvant action of different types of gonadal hormone 
has been made already (p. 122). 

(ix) Se:c. Although it has been stated earlier in this book that the actions of 
gonadal hoimones are organ-specific rather than sex-specific, there are indications 
that the general responses to them are not always quite of the same degree in the 
two sexes. Steinach k Holzknecht (1916) spayed young female guinea-pigs and 
replaced their ovaries by a testicle taken from a brother; in the same way they 
replaced the testicles of young males by the ovary of a sister. When the animals 
were fully grown it was found that the grafted testicle had caused the general 
dimensions of the body in the female to exceed that of a normal male, while the 
bones were unusually large (Table 63). 


Table 63. The effect of a grafted testicle on the skeleton and size of the 
spayed female guinea-pig (Steinach & Holzknecht, 1916) 




Width between Width between 

Length of 


Body -weight 

ears 

zygomata 

head 


(g.) 

(mm.) 

(mm.) 

(mm.) 

Normal female 

845 

22 

40 

74 

Normal male 

1,002 

31 

43 

Si 

Spayed female with 
grafted testis 

1,200 

33 

48 

87 
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The converse also was observ'ed, that is to say, wliea his testicles were removed 
and replaced by an ovarv% the male attained smaller dimensions tlian the normal 
female, largely because of the restricted growth of the bones ^Table ^4). 


Table 64. The effect of a grafted ov’ary on the skeleton and size of the 
castrated male guinea-pig (Steinach Sc Holzkneeiit, 191!)) 

Width Lenijth. 

Width between of 



Body- 

betw een 

zygo- 

, 

— 

— 





weight 

ears 

niata 

Head 

Tibia 

Femur 

Humerus 

Spine 


(g-) 

(mm.) 

(mni . ) 

(nim. ) 

(nim. ^ 

(mm , ) 

(mm.) 

(nini.l 

Normal male 

980 

30 

43 

So 

44 

Xti 

31 

160 

Normal female 

S08 

2 1 

40 

72 

40 

33 

2S 

148 

Castrated male 
with grafted ovary 

516 

19 

36 

67 

3 ^ 

3 2 

26 

136 


Lipschlitz & Tiitso (1925) grafted ovaries into gonadectomized male and 
female guinea-pigs, and noted that the nipples and mammae of the males en- 
larged more rapidly than the same structures in the females. This might perhaps 
be explained by the fact that an ovary growing in a castrated male is exposed 
continuously to the action of FRH and so may produce more oestrogen than an 
ovary implanted in a spayed female. Zondek (1936^3) states that enlargement of 
the pituitary is caused more readily by oestrogens in males than in females; and 
Burrows (19394) found that when newly born rats were given repeated doses of 
testosterone, a penis-like organ developed in the females and sometimes attained 
a larger size than in littermate males treated in the same way. 

Several workers have commented on the fact that it may be easier to induce 
mammary cancer by oestrogens in the male than in the non -breeding female 
mouse (SuntzefF, Burns, Aloskop & Loeb, 1936). 

The subject will receive further attention under the heading of acquired 
resistance (p. 138). 

(x) Age, Although there does not appear to be any period in which reactive 
organs, once their differentiation is complete, will not respond to gonadal 
hormones, the readiness and degree of their response is not necessarily quite the 
same throughout life. For example, Hooker (1942) castrated rats at birth and 
calculated the minimum dose of testosterone needed to stimulate their seminal 
vesicles at different ages. In normal rats of the colony employed spermatogenesis 
began when the animals were 40 days old, at which time the vesicles still re- 
sembled those of castrated rats. From this time onward the seminal vesicles 
underwent a rapid development, becoming mature at 60 day’s. During this period, 
between the 40th and 60th day of life, it appeared that the seminal vesicles were 
more responsive to testosterone than they’ were at an earlier or later age. In cas- 
trated rats the least dose of testosterone required to stimulate the seminal vesicles 
corresponded with the stage of life when in non-castrated rats these organs 
normallv' undergo their greatest development, as indicated by the figures quoted 

below . castrated rat at IMinirmum elTective dose of testosterone 

time of injection required to stimulate the seminal vesicles 
(days) 1:^') 


10-20 

30 

40-60 

80 


30 

25 

5 

25 
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Selye & Albert (1942) observ^ed that age influenced some of the rat’s responses 
to oestrogen. Rats were castrated when between 40 and 60 g. in weight. To one 
batch of these i mg, of oestradiol in o*i c.c. of peanut oil was administered 
daily for 10 days; the control batch were given injections of peanut oil only. 
On the nth day all the rats were killed and their pituitaries and adrenals were 
weighed; it was found that the adrenals and pituitaries of the animals which had 
received oestradiol weighed less than those of the controls, as shown below: 

Average weight of adrenals Average weight of pituitaries 
Treatment (nig.) (mg-) 

Given oestrogen 16 4 

Not given oestrogen S 

This effect of oestrogen in reducing the weights of the adrenals and pituitary 
in the young rat is the reverse of what is known to occur in the adult rat, whose 
pituitary and adrenals become enlarged under the influence of oestrogen. 

In experiments of this kind one has, of course, to bear in mind that a large dose 
may inhibit growth where a smaller dose would favour it. 

(xi) Acquired resistance. There is some evidence that an individual in the 
course of time may acquire some degree of resistance to the action of gonadal 
hormones. Apparently females respond more readily than males to androgens, 
whereas males are more responsive to oestrogens than females. What seem to be 
examples of this sex difference in reaction to gonadal hormones are shown in 
Tables 63, 64, 76 and 80. However this particular phenomenon may be ex- 
plained, it seems certain that occasionally an individual may acquire in its own 
lifetime some resistance to excessive supplies of a gonadal hormone when these 
are administered artificially. The writer (Burrows, 1937 a) has seen resistance to 
the action of oestrone in a male mouse after prolonged administration of that 
hormone; the resistance was associated with hyperplasia of the androgen- 
producing interstitial cells of the testis, and might, perhaps, be attributed to an 
enhanced output of androgen. If this explanation be correct we seem to have an 
addition to the known defensive mechanisms of the body, namely the increased 
production of a therapeutic hormone by tissue newly grown for that special 
purpose. This kind of testicular response to oestrogens has been described in 
detail by Burrows (1936Z?) and Bonser & Robson (1940). 

What appears to be a definite example of adaptation to excessive supplies of 
a gonadal hormone is provided by experiments of del Castillo & Calatroni (1930), 
who found that, if between 0*2 and 0*25 r.u. of oestrin are given daily to normal 
female rats, continued vaginal cornification ensues; but after some months, 
although the doses are maintained at the same level, intervals of metoestrus occur 
and gradually normal cycles are resumed. Wade & Doisy (1935 a) made somewhat 
similar observations. They gave daily doses of oestriol to male and female rats 
for periods of 113 to 316 days and noticed that with prolonged treatment the 
effects at first induced by oestriol became less pronounced and in some instances 
disappeared, showing that some degree of adaptation had come about. 

Selye (1940^^) has called attention to what appears to be another example of 
adaptive resistance. He says that when oestrogen is given to young rats it causes 
at first a decline in their weights, but growth is resumed later although the treat- 
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meat is continued- Selye explains this phenoaienon as a resistance to oestrogenic 
action rather than a capacity to inactivate oestrogen. 

Emmens (1939^/) observed that if oestrone or oestradiol benzoate are given 
persistently to a brown leghorn cock the comb at lirst becomes atrophied : after 
a time, in spite of a continuance of the treatment, the comb may become turgid 
again - 

Bishop & McKeown (194.1) investigated the matter in spayed mice. These were 
divided into two groups each containing thirty -two animals. To Group I 300-/ 
of oestrone were given daily for 3 weeks; meanwhile the animals in Group II 
received no treatment. At the end of the 3 weeks mice of both groups were given 
daily doses of 37 for 26 day^s. During this time only eight of the thirty- two mice 
in Group I showed continued vwginal cornilication, whereas this was present in 
every one of the thirty- two control animals which had not been subjected to a 
preliminary intense dosage. 

(xii) Nutrition. When discussing the effect of diet on the incidence of spon- 
taneous mammary cancer in mice allusion will be made to the fact that general 
undernourishment or the absence of certain specific factors from the diet will 
cause, not only a lowered incidence of cancer, but an inhibition of the oestrous 
cycles also, as shown by the persistent absence of vaginal cornification. These 
consequences may be plausibly attributed to a diminished production of oestrogen. 
Such an explanation does not embrace all the consequences of underfeeding, for 
excessive cornification of the vagina was early recognized as an effect of vitamin-A 
deficiency, and at first was described as persistent oestrus; the occurrence is 
recognized now as part of a general epithelial cornifying metaplasia. The question 
arises, what effect would an excess of vitamin-A have upon the oestral changes in 
the vagina? Sherwood, Brand & Roper (1936) investigated the problem. They 
gave 1,500 or 3,750 i.u, of carotene dailvfor 15 days to normal rats and examined 
vaginal smears taken from them at intervals of 8 hours. Every^ smear, regardless 
of the oestral phase, contained an excess of nucleated epithelial cells and leuco- 
cy1;es. Normal smears characteristic of the oestral cycle w’ere not obtained until 
20 days after the carotene feeding had ceased. The results of this experiment 
suggest that carotene has some power to inhibit the cornifying influence of 
oestrogen on the vagina. 

(xiii) Species. The danger of generalizing on the subject of sex- hormonal 
activity may be exemplified by the growth of horns in animals. In some species 
or breeds of animal well- developed horns are the peculiar attribute of the male. 
This is true of the red deer and of certain breeds of sheep, and in these animals 
castration at an early age will prevent the growth of horns (Marshall, 19121. 1r 
other species, as in the reindeer, well- developed antlers are characteristic of both 
sexes and do not depend on the gonads (Danvin, 1871). In y^et other animals, as 
in a certain breed of cattle, castration in early life leads to the growth of horns 
larger than those of the noncastrated animal (Marshall, iqia). The plumage of 
birds affords further examples of what at first sight might appear anomalous re- 
actions to gonadal hormones (p. loS). Additional instances in which secondary^ 
sexual characters depend on genes rather than gonadal influence have been 
mentioned by Marshall (1910). 
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The Speed of Reaction to Gonadal Hormones 

The swiftness with which organs respond to the gonadal hormones is remarkable. 
Astwood (1938) found that o-iy of oestradiol causes an increase in the weight of 
the immature rat’s uterus of 60 per cent within 6 hours, and Greene & Harris 
(1940) have noted increases in the weight of the infantile rat’s uterus by 25 per 
cent within 6 hours of a single dose of 1-5 mg. of dehydroandrosterone. According 
to Astwood the increased weight of the uterus thus suddenly caused by oestrogens 
is attributable almost entirely to oedema. 

Gradients of Responsiveness to Gonadal Hormones 

The capacity for reacting to a gonadal hormone is innate in the cells of the re- 
acting tissue and is retained by them after transplantation to other regions of the 
body or to another individual. The responsiveness is a graded phenomenon. 
Each organ or part of an organ has its own special degr ee of sensitivity, and the 
threshold dose of a gonadal hormone required to elicit a reaction may vary over 
a wide range even within a single organ. Pezard (1922) called attention to this 
phenomenon, having noticed a dissociation of the various male sex characters — 
spurs, crowing, behaviour — in fowls, different doses of androgenic material being 
required to evoke these separate characters. Loeb (1928) observed gradients of 
responsiveness to oestrogen at different levels in the guinea-pig’s vagina and 
uterus, and Moore & Gallagher (1930a), when testing an androgenic extract of 
bulls’ testes on castrated guinea-pigs, noticed different degrees of sensitivity 
among the different accessory genital organs. Recognizable responses were ob- 
tained in the following order, which may be taken as representing sensitivity to 
the extract: {a) motility of spermatozoa, (b) secretory activity of prostate, (c) secre- 
tory activity of seminal vesicles, (d) secretory activity of Cowper’s gland, (e) en- 
largement of epithelium in the vas deferens. While one-twentieth of a rat unit 
could be detected by the response of the prostate, one-sixth of a rat unit was 
necessary to cause a recognizable change in the seminal vesicles, Cowper’s gland 
and vas deferens. Burrows (1935c, 1937) has described similar gradients in the 
action of oestrogens on the accessory genital organs of male mice, and Dessau Sc 
Freud (1938) have noticed that when testosterone or androsterone is smeared on 
the capon’s comb the response begins at the base of the comb, gradually spreading 
from this to the apex of the serrations, which are the last parts to react; the same 
successive development is seen in the natural development of the cock’s comb. 
The recognition of this graded response is important in testing androgens on the 
chick’s comb by direct application. Frank & Klempner (1937) apply the material 
to be tested along the base of the comb by a blunt needle and estimate the effects 
by weighing the comb after removing it by parallel cuts carried down to the bone. 

In addition to the examples just cited, a gradation of responsiveness to gonadal 
hormones has been noticed in the mamma, the external genitalia and surrounding 
skin, and in the bones. 

When the conditions induced by a gonadal hormone regress after curtailment 
of its supply the order of reversion to normal corresponds with the varying 
susceptibilities of the different organs or parts; the tissues which respond most 
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readily are usually" the last to revert to their former condition. This feature lias 
been studied by the writer (Burrows, 19350) in the accessory generative organs 
of the mouse. 

It has been noticed that the response of the mamma to oestrogen s does not 
affect all the gland equally; some parts show an earlier or more pronounced re- 
action than others. Irregularity of the same kind has been seen in the involuting 
mamma after lactation in the goat (Turner Reineke, 1936) and perhaps 
exemplifies the same graded sensitivity of the different parts of the breast to 
hormonal influences. 

The gradients of sensitivity do not necessarily correspond in different species. 
In the mouse oestrone affects the coagulating gland more readily than the seminal 
vesicle, whereas in the rat the seminal vesicle is the more sensitive structure; 
and different hormones, though of the same general ty-pe, do not necessarily 
evoke the same gradients of response. 

Different gradients jor different hormones. Callow & Deanesly (1935 £2) com- 
pared the effects of the three androgens — testosterone, andradiol and andro- 
sterone — on castrated rats. The results showed that while testosterone and 
andradiol acted equally on the prostate and seminal vesicles, androsteroae had 
a greater effect on the prostate than on the seminal vesicles. 

The comparative potencies of androgens have largely’ been estimated by^ their 
influence on the capon’s comb. If the gradients of responsiveness to all andro- 
genic compounds remained the same this method could be relied upon; but, as 
indicated above, the gradients differ. Consequently, the activity of a hormonal 
compound on the capon’s comb being known, it cannot be assumed that its 
activity on the prostate and other reactive organs are known also. This fact may 
be illustrated by some experiments by Tschopp (1935). He compared the actions 
of three androgenic compounds, namely androstenedione, androstanedione and 
androsterone, on the capon’s comb, and on the seminal vesicles and penis of the 
castrated rat. The results (Table 65) show that while androsterone is more potent 
than the other two androgens on the capon’s comb it has considerably less in- 
fluence on the seminal v’esicles and penis. 

Table 65. Contrasted effects of different androgens on the male 
accessory organs of the rat (Tschopp, 1935) 



Amount of 


Weight of 

Weight of 


one capon unit 

Dose 

seminal vesicles 

penis 


(y) 

(y) 

(mg.) 

(mg.) 

.Androsterone 

60 

50 

1 1 

46 



200 

17 

65 

.Androstenedione 

100 

50 

25 

S5 



200 

285 

150 

.Androstanedione 

100 

50 

16 

57 



200 

51 

92 


Deanesly Sc Parkes (1936^?) have made similar observations when testing a 
number of different androgenic compounds on castrated rats. ITe effects of these 
compounds on the capon’s comb, the prostate and seminal vesicles of castrated 
rats do not correspond. Some of the compounds used show more potency on the 
comb than the prostate, others affect the prostate more readily than the comb. 
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The Speed of Reaction to Gonadal Hormones 

The swiftness with which organs respond to the gonadal hormones is remarkable. 
Astwood (1938) found that 0*1 y of oestradiol causes an increase in the weight of 
the immature rat’s uterus of 60 per cent within 6 hours, and Greene & Harris 
(1940) have noted increases in the weight of the infantile rat’s uterus by 25 per 
cent within 6 hours of a single dose of 1*5 mg. of dehydroandrosterone. According 
to Astwood the increased weight of the uterus thus suddenly caused by oestrogens 
is attributable almost entirely to oedema. 

Gradients of Responsiveness to Gonadal Hormones 

The capacity* for reacting to a gonadal hormone is innate in the cells of the re- 
acting tissue and is retained by them after transplantation to other regions of the 
body or to another individual. The responsiveness is a graded phenomenon. 
Each organ or part of an organ has its own special degree of sensitivity, and the 
threshold dose of a gonadal hormone required to elicit a reaction may vary over 
a wide range even within a single organ. Pezard (1922) called attention to this 

phenomenon, haHng noticed a dissociation of the various male sex characters 

spurs, crowing, behaviour — in fowls, different doses of androgenic material being 
required to evoke these separate characters. Loeh (1928) observed gradients of 
responsiveness to oestrogen at different levels in the guinea-pig’s vagina and 
uterus, and Moore & Gallagher (1930^), when testing an androgenic extract of 
bulls’ testes on castrated guinea-pigs, noticed different degrees of sensitivity 
among the different accessory genital organs. Recognizable responses were ob- 
tained in the following order, which may be taken as representing sensitivity to 
the extract: {a) motility of spermatozoa, (b) secretory activity of prostate, (c) secre- 
tory^ activity of seminal vesicles, (d) secretory activity of Cowper’s gland, (e) en- 
largement of epithelium in the vas deferens. While one-twentieth of a rat unit 
could he detected by the response of the prostate, one-sixth of a rat unit was 
necessary to cause a recognizable change in the seminal vesicles, Cowper’s gland 
and vas deferens. Burrows (1935c, 1937) has described similar gradients in the 
action of oestrogens on the accessory genital organs of male mice, and Dessau Sc 
Freud (1938) have noticed that when testosterone or androsterone is smeared on 
the capon’s comb the response begins at the base of the comb, gradually spreading 
from this to the apex of the serrations, which are the last parts to react 5 the same 
successive development is seen in the natural development of the cock’s comb. 
The recognition of this graded response is important in testing an drogens on the 
chick’s comb by direct application. Frank & Klempner (1937) apply the material 
to be tested along the base of the comb by a blunt needle and estimate the effects 
by weighing the comb after removing it by parallel cuts carried down to the bone. 

In addition to the examples just cited, a gradation of responsiveness to gonadal 
hormones has been noticed in the mamma, the external genitalia and surrounding 
skin, and in the bones. 

When the conditions induced by a gonadal hormone regress after curtailment 
of Its supply the order of reversion to normal corresponds with the varying 
susceptibilities of the different organs or parts; the tissues which respond most 
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readily are usually the last to revert to their former condition. This feature has 
been studied by the writer (Burrows, 193 5 r) in the accessory generative organs 
of the mouse. 

It has been noticed that the response of the maninia to oestrogens does not 
affect all the gland equally ; some parts show an earlier or more pronounced re- 
action than others. Irregularity of the same kind has been seen in the involuting 
mamma after lactation in the goat (Turner Sc Reineke, 1936) and perhaps 
exemplifies the same graded sensitivity of the different parts of the breast to 
hormonal influences. 

The gradients of sensitivity do not necessarily correspond in different species. 
In the mouse oestrone affects the coagulating gland more readily than the seminal 
v^esicle, whereas in the rat the seminal vesicle is the more sensitive structure; 
and different hormones, though of the same general type, do not necessarily 
evoke the same gradients of response. 

Different gradients for different hormones. Callow Sc Deanesly (1935^) com- 
pared the effects of the three androgens — testosterone, andradiol and andro- 
sterone — on castrated rats. The results showed that while testosterone and 
andradiol acted equally on the prostate and seminal vesicles, androsterone had 
a greater effect on the prostate than on the seminal vesicles. 

The comparative potencies of androgens have largely been estimated by their 
influence on the capon’s comb. If the gradients of responsiveness to all andro- 
genic compounds remained the same this method could be relied upon; but, as 
indicated above, the gradients differ. Consequently, the activity of a hormonal 
compound on the capon’s comb being known, it cannot be assumed that its 
activity on the prostate and other reactive organs are known also. This fact may 
be illustrated by some experiments hy Tschopp (1935). He compared the actions 
of three androgenic compounds, namely androstenedione, androstanedione and 
androsterone, on the capon’s comb, and on the seminal vesicles and penis of the 
castrated rat. The results (Table 65) show that while androsterone is more potent 
than the other two androgens on the capon’s comb it has considerably less in- 
fluence on the seminal vesicles and penis. 

Table 65. Contrasted effects of different androgens on the male 
accessory organs of the rat (Tschopp, 1935) 



Amount of 


Weight of 

Weight of 


one capon unit 

Dose 

seminal vesicles 

penis 


(y) 

(>') 

(mg.) 

(nig.) 

.Androsterone 

60 

50 

1 1 

46 



zoo 

17 

65 

Androstenedione 

100 

50 

25 

S5 



200 

285 

150 

Androstanedione 

100 

50 

1 6 

57 



200 

51 

92 


Deanesly & Parkes (1936^7) have made similar observations when testing a 
number of dift'erent androgenic compounds on castrated rats. The effects of these 
compounds on the capon’s comb, the prostate and seminal vesicles of castrated 
rats do not correspond. Some of the compounds used show more potency on the 
comb than the prostate, others affect the prostate more readily than the comb. 
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Differeaces of influence on the prostate and seminal -vesicles also were noticed. 
Testosterone is lo times as active as androsterone when tested on the seminal 
vesicles but only between 2 and 5 times as active when tested on the prostate. 
Tratismdrostenediol is only slightly more active on the prostate than andro- 
sterone, but 4 to 5 times more active on the seminal vesicles, androsterone having 
much less influence on the seminal vesicles than on the prostate. 

These discordant reactions, in addition to the co-operative and antagonistic 
effects which the gonadal hormones so often exercise, make biological assays of 
organ extracts, urine and other body fluids impossible to perform with exact 
scientific accuracy. 

Reversible and Irreversible Effects of Sex Hormones 

Many of the changes produced in the living body by the sex hormones endure 
only so long as the chemical compounds on which they depend are provided in 
adequate quantity. When the supply of hormone is stopped the tissues return to 
their former state. A familiar example of a reversible tissue change is afforded by 
pregnancy, during which the uterus undergoes great hypertrophy, returning to 
its normal size after parturition. In this instance other factors are involved 
besides the gonadal hormones, and the same is true apparently of the alterations 
in the mammary gland connected with lactation and weaning. Less obvious but 
not less convincing, and dependent directly on the sex hormones alone, are the 
changes in the uterus and vagina -which accompany the oestral cycle. 

When tissues have been altered by gonadal hormones it is remarkable how little 
the lapse of time or the extent of the changes affects the possibility of their return 
to their former state after the hormonal supply has been re-adjusted. McCullagh 
&: Walsh (1934) found that urinary androgen produced regeneration of the 
accessory generative organs in rats which had been castrated 100 days earlier — 
a long period in the life of a rat. 

In the mouse oestrogens will convert the many-pouched coagulating gland 
possessing a single layer of secretory cells into a simple sac lined with stratified 
keratinous epithelium. If at this stage oestrogen be withheld the transmuted 
structure will resume its former histological features and once more will produce 
a secretion to coagulate the fluid ejected from the seminal vesicle (Burrows, 
1935 c). Even the enlargement of the pituitary caused by oestrogen is a reversible 
condition (Deanesly, 1939). 

In some of these reversible reactions the pituitary plays a part. Either androgen 
or oestrogen persistently given in excess will lead to cessation of spermatogenesis 
and atrophy of the testes, owing to the powder of these hormones to inhibit the 
supply of gonadotrophin on which the activity of the testes depends. Very soon 
after stopping the supply of gonadal hormones the pituitary will resume its 
gonadotrophic functions and so cause the testes to enlarge and resume their 
normal activities. In other instances the reversible changes do not need the co- 
operation of the pituitary. For example, cornificatiou of the vagina may be in- 
duced by oestrogens after the pituitary has been removed, but it will persist only 
so long as oestrogen is administered. 
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Reversibility of eiFect is not an invariable character of the tissue changes in- 
duced by gonadal hormones. The confonnation of the pelvis and other parts of 
the skeleton, so far as it depends on the gonadal hormones, is irreversible, and 
the separation of the pubic bones in mice resulting from oestrogenic action during 
pregnancy remains after parturition as durable evidence that the mouse has 
littered. In several species the clitoris can be converted by androgens into a 
penis-liie structure with a well-developed glans, a retractable prepuce and an os 
penis, and this is another example of a permanent structural transformation 
caused by a sex hormone ; so too is the hypospadias induced in newborn rats and 
mice by an excess of androgen, oestrogen or progestin. The niajoritv’ of irre- 
versible changes brought about in the body by gonadal hormones occur during 
development. 

Another kind of irreversible tissue change induced in certain circumstances by 
gonadal hormones is cancer. 

Actions common to Gonadal and Adrenal Cortical Hormones 

Before ending this general review of the gonadal hormones reference may be made 
to some overlapping of activities between them and the hormones of the adrenal 
cortex. To a large extent progesterone can replace corticosterone and can support 
life after adrenalectomy, and desoxycorticosterone will perform several of the 
functions of progesterone on the uterus, vagina and breast. Oestrogen and 
androgen do not appear able to replace corticosterone in all its actions and have 
little if any power to maintain life after adrenalectomy, but they have an effect on 
the excretion of salt and water. Thorn & Harrop (1937) state that oestradiol, 
oestrone, testosterone, testosterone propionate, pregnanediol and progesterone 
all have some capacity for reducing the excretion of chloride, sodium and water, 
progesterone being the most effective in this respect. Their observations were 
made on a man and on dogs, and are supported by experiments done on im- 
mature rats by Zuckerman, Palmer k Bourne (1939). These workers found that 
oestrogens — like progesterone, testosterone and deoxycorticosterone — lead to re- 
tention of NaCl and water. Oestrogens and androgens, they say, cause nitrogen 
retention too, which progesterone and corticosterone do not. 

Another biological capacity which is common to the gonadal and adrenal 
cortical hormones is their power to cause enlargement oj ike bitterling's ovipositor^ 
Fleischmann & Kann (1938) found that corticosterone has this capacitv^ They 
dissolved 3 mg. of corticosterone in 0*3 c.c. of warm ethyl alcohol and added it to 
2*7 c.c. of a normal saline solution. After the injection of o-i c.c. of this solution 
into the fish the ovipositor increased in length from 4 to 16 mm. during the next 
48 hours. .After the addition of 2 c.c. of the solution to a litre of water containing 
three fish their ovipositors grew from 3, 4 and 4 mm. respectively to 12, 12 and 
15 mm. in the next 48 hours. 

An overlapping between the biological activities of the gonadal and adreno- 
cortical hormones, it will be seen, takes place in both directions; not only can the 
gonadal hormones to some extent act as substitutes for the hormones of the 
adrenal cortex, but the latter are capable of performing some of the functions of 
the gonadal hormones. 
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The Influence of Gonadal Hormones on Behaviour 

Human coaduct, like that of the lower animals, is largely controlled by the sex 
hormones : a fact which has wide social and legal implications. The mind of a 
civilized man, however, can often overcame his natural instincts by substituting 
conditioned reflexes for the reactions of primitive nature, so that the underlying 
biological urges become obscured, though they are not abolished. In these pages 
the subject will be considered very briefly and attention will be confined almost 
entirely to the effects produced by sex hormones on the conduct of lower animals; 
these are less trammelled by higher faculties and their responses therefore are 
more easily perceived. 

A simple and familiar demonstration of the fact that character and conduct are 
under gonadal influence is provided by the castration of horses and cattle ; the 
alteration which this operation brings about in the behaviour of the animals is 
the chief reason why it is done. The conduct of the animal which follows the 
operation is what may be described as that of the neuter gender, 

A different result is caused by the replacement of an animal’s own gonads by 
those of the opposite sex. This procedure has been carried out on rats and guinea- 
pigs by Steinach (1916), Steinach &: Holzknecht (1916), Moore (1919) and Sand 
(1919^, b). The sexual behaviour of animals so treated becomes perverted and 
no longer accords entirely with their innate sex. 

Castrated males bearing implanted ovaries show indifference toward females, 
but when placed with infantile animals of their own species become interested 
in them, may try to suckle them and will sometimes succeed (Steinach & 
Holzknecht, 1916). Spayed females bearing transplanted testes behave like males, 
and when placed in a cage with females in oestrus may attempt to copulate with 
them. 

Moore (1919) and Sand (1919 b) showed that male and female gonads can 
persist in a functional condition in a single individual, and that animals in which 
such a condition has been brought about by the transplantation of gonads may 
show bisexual characters. A male, one of whose testes had been replaced suc- 
cessfully by an ovary, behaved to females and young like a male, but to males like 
a female; his mammae were enlarged and contained milk. 

Another way of testing the hormonal control of conduct is to abolish gonadal 
activity by hypophysectomy, or to stimulate the gonads by giving pituitary ex- 
tracts. Removal of the pituitary has revealed the fact that some of the functions 
connected with reproduction are not always entirely regulated by the gonads, 
because these functions may still be exercised although the gonads have been 
rendered inactive. 

The discovery and isolation of individual gonadal hormones made the investi- 
gation of their action on behaviour more decisive, and much experimental work 
has now been done in this field. No attempt will be made here to review the work 
comprehensively; a few illustrative examples only will be quoted. 

Parental interest. The amount of attention given by the male parent to its 
offspring varies largely with different animals, and although generally speaking 
parental instinct is more pronounced in the female, in some species the male will 



GENERAL VIEW OF THE GONADAL HORMONES 145 

display much solicitude for the young. Experiments have shown that parental 
interest is largely though not entirely dependent on gonadal activity. Leblond 
(1938a) says that anxiety for their young is shown by both male and female 
mice, whether their gonads are or are not present. The main activities relied 
on in these tests were retrieving the young, licking and cuddling them. (See 
also Allen & Wiles, 1932, and Leblond & Nelson, 1936, 1937a, &). Leblond 
(1938 a) noticed that the exhibition of maternal solicitude was considerably more 
pronounced in females which had borne voung than in those which had not 
(Table 66), 

Table 66. The effect of littering on maternal behaviour in 
mice (Leblond, 1938 a) 

Age Percentage of positive maternal 

Classification (days) respoases toward young 


Before opening of the vagina 

23-25 

38 

Virgins 

36-180 

56 

At 1st lactation 

60-148 

76 

At 2nd and 3rd lactations 

116-179 

86 


Parental behaviour in rats, as in mice, is largely independent of sex hormones, hut 
not to the same degree as in mice (Leblond & Nelson, 1937 a). McQueen-Williams 
(1935) observed that male rats could be induced to display a regard for newborn rats 
by giving them implants of bovine pituitary tissue, and Riddle, Lahr& Bates (1935) 
induced motherly behaviour in virgin rats aged between 67 and Sr days by stimu- 
lating their ovaries with gonadotrophin and then injecting a prolactic pituitary' 
extract. Before this treatment the rats had shown indifference towards young. 

The experiments just quoted seem to show that the degree to which sex hor- 
mones govern parental solicitude varies among the different species. 

Masculine behaviour^ The singing of birds, the rivalr}' and aggressiveness 
shown by males generally, the urge to copulate, are all instigated by sex hor- 
mones. Usually the male bird ceases to crow or to sing if deprived of the testes 
and will resume his vocal efforts if given enough androgen, and the same hor- 
mone will cause immature birds to behave as if they were adult Domm (1937) 
gave daily injections of an extract of bovine pituitary to chicks, beginning on the 
2nd day after hatching. This caused precocious male behaviour, including at- 
tempts to crow at the age of 9 days. Hamilton (1938a) produced the same results 
in male chicks by daily injections of 5007 of testosterone propionate given from 
the 2nd day after hatching, but hen chicks treated in the same way made no 
attempt to crow though their combs and wattles became enlarged. With injections 
of dihydroandrosterone Breneman (1939) caused chicks to crow when only 5 days 
old. Among normal birds the male only, as a rule, expresses himself in song. 
Shoemaker (1939) treated female canaries by daily doses of 0*076 nig. uf testo- 
sterone, with the result that they' all began to sing, and their songs were indis- 
tinguishable from those of normal males. Leonard (1939) and Baldwin, Goldin 
& Metfessel (1940) have obtained the same results in female canaries by giving 
them testosterone propionate. 

In animals which breed only during part of the year masculine activities are 
mainly confined, as a rule, to the mating time and disappear in those seasons of 
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the year when the gonads are inactive, just as they disappear after castration. 
Androgens will cause females, immature males or resting males to behave like 
mature and active males. Hamilton, in the experiment cited above, noted that his 
young male chicks under the influence of testosterone became belligerent, and 
though their spurs had not yet grown they struck at opponents as though their 
legs were armed. Shoemaker also noticed that the hen canaries when treated with 
androgen became aggressively quarrelsome. In Domm’s experiment the young 
male chicks only 13 days after hatching attempted to tread, and libido was so 
strong in them that they had to be isolated to save the lives of their associates. 

Results like those above have been observed in mammals. Shapiro (1937) 
castrated immature rats weighing between 30 and 50 g. and then isolated them 
for 9 weeks. They were then introduced to females, in which they took no sexual 
interest. The castrated males were again isolated and given eighteen daily injec- 
tions of 0*5 mg. of testosterone propionate. When placed among females after this 
treatment they copulated. Raynaud (1938 <2, b) gave injections of testosterone 
propionate to a pregnant mouse with the result that the female offspring were 
modified so as to resemble males. One of these when fully grown showed female 
behaviour, and though there was no patent vagina, accepted the male and en- 
couraged attempts at copulation. She was then given large doses of testosterone, 
after which her behaviour was quite changed; she was accepted by females and 
copulated with them as though she were a male. Dantchakoff(i 938 a) has reported 
a similar observation. Stone (1940) gave daily injections of 0-62 mg. of testo- 
sterone propionate to young rats, beginning when they were between zz and 25 
days old. This accelerated their power to copulate by 20 days, as compared with 
untreated control rats. 

Androgens cause the same effects in man as they do in the lower animals, and 
will produce precocious virility in boys, restore physical potency to eunuchs, and 
bring about excessive masculine urges in the normal male adult. 

Feminine characteristics and conduct also are dependent on hormonal influence. 
Female rats, after hypophysectomy, rapidly cease to show any sexual manifesta- 
tions. Such a state of indifference is largely due to the lack of oestrogen, which is 
no longer produced by the ovary. This was shown by Ball ( 1941 ), who removed the 
pituitaries from female rats, and a week later gave to each of them 250 i.u. of 
oestradiol benzoate on five successive days. Under this treatment coitus was 
accepted by all the five rats employed in the test. 

Other examples of the influence of sex hormones on behaviour will be found in 
the sections devoted to the individual types of hormones. The subject, especially 
as affecting mankind, is too large to be discussed in these pages. Perhaps enough 
has been said to stimulate interest in the subject. We are beyond the day when a 
woman with a beard, the consequence of adrenal hyperplasia, was regarded as a 
witch, or when the sufferer from brain disease was subjected to chains and punish- 
ment. It is surely to be hoped that the victims of sexual infirmity, too, will soon 
be treated with understanding and kindness instead of persecution and contempt. 

Serial problems. Biological studies suggest that war and some of the other 
difficulties which beset human communities may have their origin in the impulses 
for reproduction and maintenance of the home (Heape, 1931). The mystery of 
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migratbn, too, may perhaps depend ultiniately upon urges brought into action 
by the gonadal hormones, as suggested by -Marshall (1910) in his Physiohgy of 
Reproduction and supported by Rowan's observations (see also Bui lough, 1943). 

Anaesthetic Properties of Gonadal Hormones 

A notable property of the gonadal hormones is their power to induce general 
anaesthesia. Selye(i94i, 1942) who was the first to obser\^e this property, fotind 
that it was common to several hormonal steroids, including testosterone pro- 
pionate, androstenediol, oestradiol, oestrone, oestriol, dihydroequilin, ecuilenin. 
stilboestrol, progesterone, pregnanediol, ^z/fopregnaiiediol, pregneninolone and 
deoxycorticosterone acetate. The anaesthesia induced by these conipouads was 
not preceded by a period of excitement, and was deep enough to allow prolonged 
abdominal operations. Females seemed to be more susceptible than males to 
this anaesthetic action. 

The Influence of Gonadal Hormones on Tissue Growth, 
with special reference to Cancer 

It may be convenient here to review the influence which gonadal hormones have 
upon the growth of tissues in the body, and to recall some of the circumstances 
which affect this kind of influence. The subject has considerable interest in con- 
nection with embryology and cancer. Unhappily our study of the matter is con- 
fined to the living organism, where there is such a complexity of factors that it is 
hard to isolate and identify details. We have to remember that when a certain 
eflFect follows the introduction of an organic chemical compound into the bod}’, 
that effect may be caused, not by the compound as introduced, but by some pro- 
duct of its metabolism. The capacity of living organisms to adapt themselves to 
foreign agents or to neutralize them by buffering or other means is a property' 
which may make it difficult to analyse results in the kind of physiology to which 
this essay is devoted. Biological differences, even between individuals of the same 
species and sex, provide another obstacle, one which renders accurate quantitative 
work almost impossible. These and other complications often prevent the actions 
of gonadal hormones on the growth of tissues frombeing stated in precise scientific 
terms. Nevertheless, an attempt may be made to formulate some of the observed 
effects of gonadal hormones, regarded as a group, on the growth of tissues in the 
living organism. These effects may be tabulated as follows : 

I. Inhibition of growth. 

II. Stimulation of growth. 

A. Controlled growth. 

B. Uncontrolled growth or cancer. 

C. Imperfectly controlled growth, including innocent tumours. 

L Thk Ixhibition* of Grow’th by Gonadal Horaioxes 

There is more than one way in which a gonadal hormone may retard the growth 
of a particular tissue, (i) It may so act on the anterior lobe of the pituitary’ as to 
check the production of appropriate trophins. Thus, any of the three main types 
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of gonadal hormone will check the formation of FRH hy the pituitary and so will 
arrest the growth of ovarian follicles, (ii) In other situations the growth of a 
particular tissue seems, though this is uncertain at present, to be inhibited by the 
direct action of a gonadal hormone. For example, oestrogen arrests the growth 
of epiphyseal cartilage, causing bony union between the epiphyses and shafts of the 
bones, a*^ fact which largely explains why women are smaller than men. (hi) Yet a 
third manner in which a gonadal hormone may impede growth is by interfering 
with the growth-promoting action of another. hormone. In this way oestrogen can 
prevent the development of placental tissue under the influence of progesterone. 

II. The Promotion of Growth by Gonadal Hormones 
A . Controlled growth 

(i) Cellular differentiation and junction. A characteristic feature of normal 
tissue growth in“ response to a gonadal hormone is its adaptation to a particular 
purpose, in attaining which cellular multiplication, differentiation and function 
follow each other in orderly succession and appropriate degree. The fact that 
differentiation and function are imposed upon growth is of vital importance. The 
writer has noticed that when tissues composed of undifferentiated cells growing 
from different sources come into contact they unite. Such union of primitive cells 
is seen in the healing of wounds, the coalescence of tissues during embryological 
development, ‘ and the amalgamation of malignant papillomata growing from 
opposite points within glandular ducts and acini. When two masses of undif-. 
ferentiated cells have met and become combined in this way their morphological 
fate will depend upon the intervention of differentiation and on the form which 
this takes. In cancer, as a rule, the results of any differentiation which takes place 
are negligible, but in other kinds of growth differentiation is of fundamental im- 
portance. In the healing of an incised wound the granulation cells growing from 
the edges meet, amalgamate and, becoming converted largely into collagen- 
producing connective tissue, cause a tough and permanent union. The tem- 
porary amalgamation of undifferentiated cells and their subsequent permanent 
junction or disjunction according to the nature and degree of their differentiation 
is an important architectural process in embryology. The terminal part of the 
floor of the penile urethra is formed by the union of the lateral walls of the 
urethral groove. Normally the edges of these walls after their conjunction become 
replaced by ordinary firm connective tissue. Gonadal hormones, if supplied 
early enough and in sufficient quantity, can anticipate this transformation and 
cause the two uniting epithelial edges to become keratinized, so that union is im- 
possible and hypospadias is brought about. Another example is provided by the 
relationship between the prepuce and glans penis. These at first are united by two 
or three layers of relatively undifferentiated epithelial cells and in the absence of 
a sufficient supply of androgen will remain so. Androgen causes this primitive 
epithelium to differentiate into a stratified squamous cornified epithelium and so 
brings about separation of the foreskin from the glans. An essential feature of this 
differentiation is that it affects first and most the oldest cells, that is to say, those 
which are farthest from the basement membrane. 
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It is not only cornilication which leads to separation of previously united un- 
differentiated cells; the formation of mucus or other secretion has the same effect 
and seems to explain the opening up of the primitive glands and their ducts, 
which at first consist of solid rods of epithelium. 

There are reasons for suspecting that malformations other than hypospadias 
may be caused by mistimed epithelial differentiation in consequence of a 
defective supply of gonadal hormone — for example, the partial closure of the 
vagina which sometimes occurs in children and elderly women. 

(ii) Spedfidty of action. The gonadal hormones are not general stimulators 
of cell proliferation or differentiation. Their normal action on the tissues is 
specific and is confined almost and perhaps entirely to structures concerned 
directly or indirectly with sexual reproduction. This specificity is independent of 
the sex of the individual ; homologous structures in the two sexes react alike. 

(iii) JResponsim and irresponsive tissues. Different cells and tissues vary in the 
degree and nature of their reactions to the different types of gonadal hormone, 
and the capacity to react is innate in each individual cell or group of cells, is un- 
affected by their neighbours and is retained after transplantation into another part 
of the body or into another individual, whether of the same or of the opposite sex. 

(iv) Gradients of reactivity. The readiness with which different tissues re- 
spond to a given gonadal hormone shows wide divergences and the threshold of 
reactivity may vary^ through a large range within a single organ. Aforeover, the 
reactions may vary not only in degree but in character also in different parts of 
a single anatomical system. For example, the persistent administration of oestro- 
gen to a mouse leads to a graded supercalcification and enlargement of the bones, 
those most affected being the femora and spine. This process is accompanied 

a decalcification and gradual disappearance of the symphyseal ends of the pubic 
and ischial bones. 

(v) Reversible and irreversible effects. Most of the effects of gonadal hormones 
on cellular growth and differentiation in adult life are reversible and are main- 
tained only so long as the hormone is supplied in adequate amount; on cessation 
of the supply the tissues return toward their former state. It might be noted here 
that the enlargement of an organ under the influence of a gonadal hormone does 
not necessarily denote that cellular proliferation has occurred. The increased size 
may’' be caused mainly or entirely by hypertrophy of the cells already present and 
by intercellular turgor. In some instances, of course, the enlargement is a result 
of organized cellular multiplication ; hypertrophy of the penis under the influence 
of androgen, or extended ramification of the mammary ducts under the stimulus 
of oestrogen may be mentioned as examples. 

The growth effects of gonadal hormones are not always reversible. Permanent 
changes are induced by the hormones, especially during the period ut develop- 
ment; union of the epiphyses with the shafts of bones under the influence ot 
oestrogen is one instance, and separation of the prepuce from the gians penis by 
androgen is another. In early embrvological life the examples of irreversible 
changes are numerous in connection with the development of the accessory 
reproductive organs. Cancer is another kind of irreversible change caused by 
gonadal hormones. 
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(vi) Adaptational resistance to gonadal hormones. There is some evidence that 
with a continued exposure to a particular gonadal hormone the individual may 
acquire some power of resistance to its action. This resistance is not attributable 
to the formation of antihormones. Sometimes it may be accounted for, the author 
believes, by an increased capacity to produce an antagonistic hormone (Burrows, 
i937«). The persistent administration of oestrogen to a mouse is apt to cause 
hypertrophy of the androgen -producing interstitial tissue of the testicle, and when 
this happens some of the ordinary reactions to oestrogen become less pronounced. 
Probably there are other adaptive mechanisms. 

(vii) Inactimtion and excretion. It seems certain that the effect of a given 
quantity of gonadal hormone will depend largely on the rate at which it is in- 
activated and excreted. The liver is the chief inactivator and hepatic disorder has 
been shown by experiment to accentuate the effects of artificially administered 
oestrogen. The effect of renal lesions in retarding the excretion of a gonadal 
hormone and so enhancing its effect does not seem to have been recorded. 

(viii) The pituitary gonadal relationship. The formation of gonadal hormones 
is controlled normally by the pituitary. Any one of these hormones by its action 
on the pituitary checks the output therefrom of gonadotrophin, and so auto- 
matically curtails its own production. The property of inhibiting the output of 
gonadotrophin being common to all the gonadal hormones it follows that any one 
of them can inhibit the output of the others. It seems likely that the prevention 
of mammary cancer in mice by giving them testosterone (Lacassagne, 1939 c) is 
brought about by checking the production of oestrogen in this way. 

(ix) Mutual antagonisms between dijferent gonadal hormones. Apart from their 
action on the pituitary, the gonadal hormones in some circumstances show mutual 
inhibitory effects, so that the growth stimulation by one gonadal hormone on a 
particular tissue may be prevented by a gonadal hormone of another type. 
Inhibition by progesterone of the enlargement of the chicken’s comb under the 
influence of androgen is an example. 

(x) Co-operation between gonadal hormones. The co-operative effects of dif- 
ferent types of gonadal hormone are as important as their mutual antagonisms. 
F or this co-operation the two hormones must in some instances act simultane- 
ously and in others successively. Thus it has been found that for full maintenance 
of the accessory male genital organs after castration, both androgen and oestrogen 
are required at the same time. In this case the oestrogen must be supplied in 
relatively small quantities. Given in excess oestrogen will largely counteract the 
restorative effects of androgen on the atrophied accessory organs. For pro- 
gestational changes in the uterus a preliminary subjection to oestrogen followed 
by progesterone is required. Oestrogen given at the same time as progesterone 
will inhibit the progestational development. 

^ (xi) The mfiuence of sex on the responsiveness to gonadal hormones. The reac- 
tions of homologous tissues to a gonadal hormone do not differ in character be- 
tv een the two sexes, but there is evidence that the degree of reactivity is not 
identical in the two sexes; males appear more responsive than females to oestrogen 
and less responsive to androgen. In females these comparative sensitivities are 
reversed, and the effect of androgen in them is greater than in males. An example 
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of these differences of reaction in the two sexes is seen if the eonads of littermates 
are interchanged so that testes are replaced by ovaries and ovaries by testes. The 
ultimate effect of such an exchange of gonads between the two sexes is that the 
testicle-bearing female grows to a larger size than the normal intact male, while 
the ovary-bearing male does not attain the dimensions of a normal female. 
Experiments with pure hormones also reveal a different sensitiviu" of the two 
sexes to the gonadal hormones. 

(xii) The ejfect of arcumstances on thegrozifh promoting and retarding effects of 
gonadal hormones is too complicated and not yet well enough understood to be 
discussed in detail. It must suffice to say that the kind and degree of effect 
produced by a gonadal hormone will be influenced by many circumstances, in- 
cluding dosage, species, age, season, nutrition, general health and perhaps other 
conditions. 

B , Uncon trolled growth 

{a) If on-specific cancer. Although the specific nature of the tissue responses 
has been insisted on, the gonadal hormones appear to have some capacity for 
inducing non-specific cancer. Subcutaneous sarcomata have been induced in 
mice and rats by injections of oestrogen; in mice the same result has followed 
injections of testosterone (Lacassagne, 1939&). Extensive trials have not shown 
any capacity on the part of these hormones to cause cancer of the skin. 

[b) Specific cancer. Apart from subcutaneous sarcomata, the known malignant 
activities of the gonadal hormones are confined to the breast, uterus, testis, bones 
and the white cells of the blood. These lesions will be discussed later. 

C. Causation of Non-Malignant Tumours by Gonadal Hormones 

Little will be said here about innocent tumours induced by gonadal hormones. 
So far as is known at present they appear to be caused only by oestrogen and 
include fibromyomata of the uterus, ovarian cysts, chromophobe swellings of the 
pituitary and perhaps mammary adenomata. They will receive further reference 
when the effects of oestrogen on the individual organs are under consideration. 

The hifluence of Gonadal Hormones on the Determination of Sex 

In some lower animals it is known that the determination of sex may be 
governed by external circumstances as well as by genic influences, whereas in 
mammals sex appears to depend entirely on genes. Gonadal hormones, especially 
when supplied in the early stages of development, may cause great changes in 
the reproductive organs of mammals so that the individual may seem to have 
undergone sex reversal (Foote, 1940 ; Witschi, 1942). In these seeming examples 
of sex reversal, whether induced by gonadal hormones or by abnormal environ- 
ment, the original sex as determined by genes remains unaffected; only the 
manifestations of sex have been changed. Consequently, if a vertebrate whose 
sex has been apparently quite reversed is mated with a normal animal, their 
progeny will all be the same sex, because the sex chromosomes of the two mates 
will be identical (Crew, 1921; Wells, Huxley &: Wells, 1935). 
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Chapter VI. Androgens 

Introductorv remarks. General review of biological action. Gradients of influence. Sources, 

inactivation and excretion. 

Introductory Remarks 

The term aadrogen is used here as a collective title for compounds which 
resemble testosterone in biological action. The chief function of these hormones 
is to stimulate the development and activity of the accessory male reproductive 
organs. On the general dimensions of the body androgens have little effect, the 
smaller size of the female in mankind and in many other mammals being due to 
the action of oestrogen rather than to a deficiency of androgen. On the skeleton 
and general conformation of the body the androgens appear to exercise some 
influence, as seen, for example, in pathological cases of virilism in women, a 
condition which is accompanied by an excessive excretion of androgen in the 
urine. When this disease affects young girls the shape of the body tends in time 
to become masculine in character; whereas with defective gonadal development 
in young males the contours of the body may become distinctly feminine, the 
hips being broad compared with the shoulders. The falsetto voice and hairless 
face of the eunuch who has been castrated in childhood may be attributed also to 
a deficiency of androgen; for the testis is the chief though not the only source of 
this kind of hormone. The distribution of hair on the body in men, the extent of 
the facial sinuses, and the many curious sexual adornments and peculiarities 
which the males of different species acquire, especially in the mating and breeding 
season, also depend for their appearance and maintenance on an adequate supply 
of androgen. The crest of the newt, the cock’s comb, the rugose and swollen 
clasping digits of the male frog, and the bright coloration of some fishes in the 
breeding season are examples. At present it will be unnecessary to discuss these 
curiosities at length, and attention will be concentrated on the more constant and 
vital activities of the androgens in mammals, including man. 

General Review of the Biological Action of Androgens 

The results of castration. The more obvious effects of castration on the body 
have been recognized since ancient times. Such knowledge, however, has been 
accompanied by many false ideas. It has been thought, not only by the ill 
educated, that the eunuch is physically and mentally inferior to the normal male. 
As will be shown in the course of this discussion, the size of the body is not 
determined by androgens, and there is proof that castration does not have any bad 
influence on intellectual power. So far as primitive impulses are concerned, 
experiments on animals have shown that androgens cause an inclination to 
pugnacious assertiveness, a behaviour which among men has not infrequently 
been admired, as evidence of a strong character rather than as a defect of self^ 
control. Though the eunuch lacks the primitive urge which leads to battle, he 
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may be perfectly well able to hold his own when confronted with an enemy. 
Justinian’s famous general, Narses, is an instance of a eunuch possessed of out- 
standing militar}^ capacity and general intelligence; and as regards intellectual 
power he is far from unique among men who have been deprived of their 
gonads. 

The tendency to look down upon the eunuch seems to be instinctive in the 
human mind, for it has survived through the ages and the supposed disad%’antages 
of castration in man have been constantly exaggerated. An example of this kind 
of prejudice is seen in the history of the surgical treatment of enlarged prostate by 
castration. At a time when non- malignant enlargement of the prostate was a fatal 
disease, it was discovered that removal of the testes would in most cases provide 
a cure; almost immediately a rumour spread through the world and was accepted 
that the operation caused mental debilityt In spite of the absence of proof, in 
spite of proof that the rumour was untrue, the idea became a belief and old men 
preferred to die a miserable and lingering death rather than be cured at such an 
imaginary risk. Even to-day this erroneous notion prevails (p. 299). 

The influence of androgens. The first experimental demonstration of hormonal 
action by the testes, though its significance remained obscure for a long while, 
was made by John Hunter when he showed that the rudimentary spur of a hen 
would grow into a good masculine spur if transplanted into the leg of a cock, 
whereas the small spur of a young cock would undergo no such development 
when implanted into the leg of a hen. Furthermore, Hunter directed attention 
to facts which indicated to him that the accessor}- genital organs of the male were 
dependent for their development, and probably for their existence, on the pre- 
sence of the testicles. With the exception of a few sporadic observ’ations, many 
years passed after Hunter’s death before his experimental methods were applied 
once more to the problems of sexual anatomy and physiology. Berthold (1849) 
proved that the effects of castration in fowls could be mitigated by testicular 
grafts. Browm-Sequard (1889), believing that testicular extracts had a beneficial 
influence on decrepit women and that the feebleness of old men might be partly 
the result of testicular failure, performed tests upon himself. At the age of 72 
years he gave himself subcutaneous injections of extracts prepared from the testes 
of dogs and guinea-pigs on 15, 16, 17, 24, 29 and 30 May. The injections caused 
pain, but he felt himself more resistant to fatigue after the second injection on- 
ward, and noticed an improvement of intestinal tone, together with an increased 
bodily and mental vigour. These effects, hotvever, were not very* striking and he 
thought that possibly^ they w^ere the consequence of autosuggestion. \''ariot 
(1889) gave similar testicular extracts by injection to male patients; the results 
were the same as those obtained by Brown- Sequard on himself, and \’ariot, like 
the latter, believed they might be attributed to autosuggestion. Loewy (1903) 
found that repeated injections of testicular substance into young capons caused 
masculine development of the skeleton and comb. Walker (iqoStz,^) prepared 
fresh saline extracts of cocks’ testes, using two volumes of saline solution to one 
of testis, and injected 0-5 c.c. of this extract every day into each of two hens, 
beginning on i February and ending on 4 October of the same year. The hens 
were between 2 and 4 years old at the beginning of the experiment. They ceased 
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laving in the middle of IMarch and their combs and wattles grew to about 8 times 
tlieir'normal size and became highly coloured; the heas became pugnacious 
and anxious to attack cocks when introduced to them. When the injections were 
finally withheld the combs and wattles shrank, regaining their normal dimensions 
by 9 November, and the hens began to lay again in the following January. 

Pezard (1911) made an extract of the ciyptorchid testes of pigs. With this 
material he treated two black orpington capons, giving them intraperitoneal in- 
jections twice a week. The result was that the atrophied combs and wattles 
grew, becoming thick, turgid and erectile, and the two birds crowed and showed 
combative ardour like normal males. The treatment lasted from January till May, 
when it was discontinued. The birds now ceased crowing, they lost their sexual 
instincts, their combs shrank, and their general appearance reverted to that of the 
ordinary capon. 

With the results obtained by these pioneers to give encouragement, a rapidly 
growing volume of research has been done, some of which will be referred to in 
the following pages. 

Molecular structure of androgens. Biological experiments involving castration, 
the transplantation of testes, or the injection of testicular extracts had already laid 
the foundations of our knowledge of the testicular hormones before their chemical 
characters had been identified. A new era in these studies began when McGee 
(1927) isolated from bulls’ testes a relatively pure product having the potencies 
of an androgen. Shortly afterward Loewe & Voss (1928) demonstrated the pre- 
sence of androgen in urine. Since then rapid advances have been made in the 
chemistry of these compounds. The first androgen to be prepared in a chemically 
pure form was androsterone, which Butenandt (193 1) isolated from human urine. 
This discovery made it possible to investigate the biological properties of an 
androgen under exact conditions. A further advance was made when Ruzicka 
and his colleagues (1934) synthesized androsterone from cholesterol. In the 
following year the more potent androgen, testosterone, was obtained in crystalline 
form from fresh testicular tissue by Laqueur and his collaborators (David, 
Dingemanse, Freud k Laqueur, 1935). Soon this compound too had been pre- 
pared artificially from cholesterol by Ruzicka & Wettstein (1935) and Butenandt 
& Hanisch (1935 <2). Since then many different artificial androgens have been 
prepared and made available for study. 

Reference has been made in an earlier chapter to a few details concerning the 
molecular structure of the androgens, and no more will be said on the subject 
except to recall the fact that it has not yet been found possible to correlate 
exactly the peculiar biological activities of these compounds with their molecular 
constitution, nor can all the androgens be demarcated with precision from the 
oestrogens and progestins, for their fields of activity overlap. 

The chief androgen derived from the testis is testosterone, which is converted, 
apparently by the liver, into less active compounds including androsterone and its 
isomer aetiocholane-3(x)-ol-i7-one (Callow & Callow, 1939), which are excreted 
in the urine. Other androgens are formed in the adrenal, including trans- 
dehydroandrosterone. Formulae of the chief naturally formed androgens are 
shown in Figs. \a^h (pp, 102, 103). 
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Biological tests for androgen. The chief tests in common use are founded on 
the effects produced on (i) the growth of the capon's comb, and (2) the develop- 
ment and functional activity of the prostate and seminal vesicles of the castrated 
mouse or rat. Among other methods which have been used are the spermatozoa 
motility test (Moore, 1928), ejaculation test (Moore & Gallagher, 1930^), and 
cytological tests based on cellular reactions in the prostate (Moore, Price & 
Gallagher, 1930), seminal vesicles (]\Ioore, Hughes & Gallagher, 1930), vas de- 
ferens and Cowper’s gland (Moore, 1930). The bitterling test (Ivleiner, Weisman 
& ^lishkind, 1936) also may be mentioned. In routine assays, the changes of 
weight effected in the prostate and seminal v'esicles of castrated mice or rats are 
the indicators now increasingly used; the capon test alone cannot be regarded as 
a reliable criterion of androgenic potency in mammals. 

When the androgenic activity of a particular compound has to be estimated for 
therapeutical purposes it may be better, for reasons which will be stated later, to 
observe the reaction of each particular organ concerned, rather than to rely on a 
general estimate of androgenic activity based on the response of a single structure. 

International unit of androgen. Because it is often necessary to estimate the 
hormonic activity of tissues and tissue extracts without knowing the hormone 
concerned, a unit based on the degree of the responses caused under standard 
conditions has been found convenient. In this way it is made possible to state 
different degrees of potency in approximately accurate terms even though the 
substance to which that activity is attributable remains unknown. The inter- 
national unit of androgenic activity as established by the Health Organization 
of the League of Nations in 1935 is the activity of 100/ of a standard preparation 
of crystalline androsterone as measured by its effect on the capon’s comb. 

Gkadiexts and Variations of Androgenic Action 

Gradients of responsiveness. Usually the effects of a given androgen are not 
distributed equally throughout the organism. 

Pezard (1922) called attention to a dissociation of the various male characters 
in fowls, having found that the threshold dose of male hormone is not the same 
for all manifestations of sex, for example, the grovnh of spurs, masculine psycho- 
logy and crowing. Similar variations in responsiveness are seen in the human 
species; for an excess of androgen sufficient to cause hirsutism in a woman may 
be compatible with the continuance of oestral cycles, which would be inhibited 
by a more plentiful supply of androgen. In a single organ different grades of 
responsiveness can be detected. Champy & Kritch (1925) noticed that the 
formation of ‘ muco-elastic tissue’ in the comb first appears in chicks at the base 
of the comb and gradually progresses toxvard the apex. After castration this special 
condition of the comb disappears, its retrogression beginning at the apex and 
spreading to the base, which is the last region to become atrophied. Dessau ^ 
Freud (1936) observed a similar gradient of effect when solutions of pure 
crystalline testosterone or androsterone were smeared directly on to the capon’s 
comb. Although the preparations were applied uniformly over the whole comb 
the development of "muco-elastic tissue’ proceeded from the base of the comb to 
the apex of the serrations in the same way as in normal adolescence. 



ANDROGENS 


156 

J ^(millions in the distribution of responses to different androgens. Another 
feature is the varying degree of effect produced by different androgens on the 
same organ or by the same androgen on different organs. One androgenic com- 
pound may affect the prostate more readily than the seminal vesicle, while another 
affects the seminal vesicle more readily than the prostate. Moore & Gallagher 
(1930^), using an extract of bulls’ testes, found that the dose required in the rat 
to prevent castration atrophy of the seminal vesicles was 3 times that producing 
the same effect in the prostate; and Moore (1935^) noticed that after castration 
retrogressive changes could be recognized sooner in the seminal vesicles than in 
the prostate. Moreover, it has been found that the action of a given androgen on 
the prostate and seminal vesicles cannot be foretold by knowing its activity on the 
capon’s comb. An appreciation of these facts enabled Dingemanse, Freud & 
Laqueur (1935) to show that androgen prepared from the testis (testosterone) is a 
different substance from the androgen prepared from urine (androsterone). For 
the experiment they used rats which had been castrated when 3 weeks old and 
now, at 6 months of age, weighed about 260 g. These were divided into three 
groups, one being kept for control. To each rat of the other two groups daily in- 
jections were given of the same number of capon units of the two preparations 
under comparison. All the rats were killed at the end of 28 days and the weights 
of their seminal vesicles compared. The results show that doses of the two 
androgens which have equal effects on the capon’s comb differ considerably in 
their effects on the seminal vesicles (Table 67). 

Table 67. Difference of effect between testosterone and androsterone on the 
castrated rate’s seminal vesicle, when given in the same dosage as measured in 
capon units (Dingemanse, Freud & Laqueur, 1935) 

Weight of seminal vesicles at 
the end of treatment 


Treatment (i^g-) 

I. Untreated 8 

II. Injections of urinary androgen (androsterone) 113 

III. Injections of testicular androgen (testosterone) 538 


Callow & Deanesly (1935&) found that while i mg. of androsterone given daily 
was enough to maintain the prostate in castrated rats of 140 to 160 g., 2 mg. of 
androsterone given daily in the same manner were required to maintain the 
seminal v'esicles. Further, they noted a species difference in responsiveness to 
androsterone, for in castrated mice i and 2 mg. daily failed to maintain completely 
either the prostate or the seminal vesicles. 

Tschopp (1935), studying the properties of androstenedione, found that this 
substance is much more active than androsterone in causing growth of the penis 
and seminal vesicles in the young castrated rat, but is less active in its effect on 
the capon’s comb (Table 68). 

Table 68. Comparison of effects of different androgens (Tschopp, 1935) 

Weight of seminal vesicles Weight of penis after 

Capon unit after dosage of 20 mg. dosage of 20 nig. 

(r) (mg.) (mg.) 

60 17 65 

100 285 150 


Androsterone 

Androstenedione 
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Similar observations have been made by Deanesly & Parkes (1936 r), who 

examined the biological actions of eleven different androgens on the accesson' 
reproductive organs of young rats and also on the capon’s comb. The effects of 
these various compounds on the seminal vesicle, prostate and comb respectively 
did not correspond, some having a greater effect on the comb than on the pro- 
state, while others stimulated the prostate more readily than the comb. Compared 
with androsterone, testosterone was between 2 i- to 5 times as effective on the 
prostate and about 10 times as effective on the seminal vesicles. Observations of 
this sort suggest that when the androgenic potency of any particular compound 
is mentioned, the organs and animals on which it was tested should be stated. 

Additional examples, illustrating differences of biological action among the 
large number of androgenic compounds now known, have been mentioned in 
connection with the so-called bisexual activities of gonadal hormones and need 
not be quoted again here. 

Variation oj responsimness to androgen in the same species. Gallagher & Koch 
(1930), when testing an androgenic extract of bulls’ testes on the combs of brown 
leghorn capons, noticed that there were pronounced individual variations in re- 
sponsiveness among the birds. These variations, they say, could not be accounted 
for by the age or weights of the capons, or by the initial size or shape of the combs. 
They suggest that, when performing assays by the capon test, seasonal factors must 
be taken into consideration. David (i 938) also has drawn attention to this matter . 
He remarks that the capon^s comb is smaller in the winter than in the summer and 
that the response of the comb to an androgen will be accentuated in the winter . 

The Sources of Androgen within the Body 

A general consideration of the sources of androgen which are available for the 
individual must include the food supply. In the absence of evidence that this 
source plays a part in physiology or pathology, no further attention will be given 
to the subject in the present discussion, which will be confined to the sources of 
androgen within the body. 

(i) The testis. General experience of the effects of castration have indicated 
the male gonads as organs for the elaboration of effective androgen, and the 
production by the testis of a more potent androgen from androgens of less 
potency has been proved by experiment in the laboratory. Danby (1938, 1940) 
perfused blood through bulls’ testicles and observed that if testosterone were 
added to the perfused blood there was no increased androgenic potency of the 
emergent blood as compared with that with which the perfusion started. If, how- 
ever, dehydroandrosterone, androstenedione or androstenediol were added to the 
blood its perfusion through the testis led to a greatly increased androgenic 
potency of the emergent blood, as shown by testing it on the capon s comb. I he 
mere transfusion of the testis with blood led to the appearance of androgen in the 
effluent, showing, apparently, that the formation of androgen takes place at least 
to some extent in the testis. 

It may be asked in what part of the testis the elaboration of potent androgen 
occurs. Ancel & Boiiiii (1903 a, 1904^, b) appear to have been among the first 
to investigate this problem experimentally. They recognized the fact, well known 
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to veterinary surgeons, that cryptorchid domestic animals may preserve their 
masculine characters to an awkward degree despite the absence of spermato- 
genesis, the tubular epithelium in their testes being small in amount and infantile 
in character while the interstitial glandular tissue is well developed ; a priori, 
therefore, it seemed likely that masculine characters depend on the latter. They 
observed that in dogs, horses and pigs, retention of the testes within the abdomen 
led to degeneration of the seminal epithelium without immediate atrophy of the 
accessor}” genital organs or degeneration of the interstitial tissue. In guinea-pigs 
and rabbits Ancel & Bouin caused complete disappearance of the seminal 
epithelium by ligating the efferent ducts of the testicles or by causing sclerosis of 
the epididymis by injections, and they found that the animals so treated retained 
their masculinity. This experiment appeared to prove that the hormones re- 
sponsible for male characters are derived from the interstitial glandular elements 
of the testicle. Richon & Jeandelize (1903) caused atrophy of the seminal 
epithelium in rabbits by ligating the vasa deferentia at the age of i| months. 
Littermates were castrated at the same age. When examined 4 months* later the 
external genitalia were infantile in the castrated rabbits but normally developed 
in those with seminal atrophy caused by ligation of the vasa deferentia. In these 
rabbits there was no atrophy of the interstitial glandular tissue.. 

Pezard (1920) found that extracts of the cryptorchid testes of swine stimulated 
growth of the capon’s comb; and in the absence of activity, in the seminal epi- 
thelium of these retained testes it is again reasonable to conclude that the effective 
androgen was derived from the interstitial tissue. 

Aron (1921, 1925) considered the problem in a different way. In the crested 
newt (Triton cristatus) there is no interstitial tissue in the testis. At the approach 
of the mating season, he states, some of the seminal tubules near the hilum of the 
testis undergo a transformation, resembling luteiaization as seen in the ovary, and 
form a glandular body distinct from the seminiferous part of the testis. The de- 
velopment of this new glandular tissue coincides with the appearance of matri- 
monial adornments. As soon as the mating season ends, both the newly formed 
gland and these adornments retrogress. Destruction by galvano -cautery of this 
accessory glandular tissue of the testis, without castration, causes a disappearance 
of the secondary sexual characters, he says, just as pronounced as that which 
follows castration. Courrier (1921) found that in the stickleback [Gasterosteus 
aculeatus), when spermatogenesis is at its height, there is a deficiency of inter- 
stitial cells in the testis and an absence of the special characters which accompany 
the mating season, namely skin coloration, the secretion of nest-building mucus 
by the kidney, and mating. Only after spermatogenesis is completed (in May) 
does the mating season begin, preceded and accompanied by the appearance of 
abundant, actively secreting interstitial tissue in the testis and culminating in 
the growth of sexual adornments and the secretion by the kidney of nest-building 
mucus. The strict correspondence of these manifestations with the development 
of the interstitial tissue, and their complete independence of spermatogenesis, 
seem to indicate clearly that the effective androgen is derived from the former. 
Courrier’s observations on the stickleback have been confirmed in detail by Aron 

(1925)- 
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Witschi, Levine & Hill (1932) exposed rats to X-rays so as to cause degenera- 
tion of the seminal epithelium without injuring the interstitial tissue which is 
much more resistant. After this procedure the prostate and other accessory 
genital glands became hypertrophied, a fact which suggests that destruction of 
the seminal eipthelium had not led to a reduction of the output of androgen from 
the testis. Johnston (1934) repeated these experiments on rats, using X-rays in 
some instances and radium in others. His results were similar to those of Witschi, 
Levine & Hill Johnston also made the interesting observation that if rats were 
rendered cryptorchid by operation so as to impair the seminal epithelium, and 
were then given pituitary gonadotrophin, their prostates increased in size by 
nearly 200 per cent. This result showed that the pituitary hormone had stimulated 
the production of androgens by the testis; and seeing that the seminal epithelium 
was degenerate, the increase, almost certainly it seems, must have been derived 
from the interstitial glandular cells. Moore (1932) records that a ciyptorchid 
testis confined in the abdomen was found to be secreting as much androgen as 
two normal testes, though its fresh weight w^as only 2*8 per cent of the normal 
testicular mass and it contained no seminal cells. 

Further evidence of the part played by the interstitial tissue in the formation 
of androgens has been produced by Benoit (1938&), who removed the greater part 
of each testis in a number of cocks, and in several instances he noticed that, 
although sufficient time had elapsed for regeneration so that the testes had become 
as large or larger than the normal, yet the comb remained atrophied. Micro- 
scopical examination of these ^regenerated’ testes, he says, has shown an ample 
development of tubules and seminal epithelium, even with spermatozoa, but an 
almost entire absence of interstitial tissue. Some details have been recorded of 
the post-mortem examination of a man of 63 who had atrophy of both testicles, 
the dimensions of the right being 15 x10 mm. and of the left 25xiomni. 
Microscopical examination of these testicles showed them to be devoid of tubules, 
while the Leydig cells were not only abundant but were apparently in a state of 
active secretion. In this case there was no diminution in size of the prostate or 
other accessory genital organs; the absence of seminal epithelium in fact had not 
entailed any consequences which could be attributed to an inadequate supply of 
androgen. 

The converse of these observations has been recorded. IMoore & Samuels 
(1931), in testing the effects on rats of a diet deficient in vitamin-B complex, 
found that under this regimen the prostate and seminal vesicles involuted although 
the production of motile and apparently normal spermatozoa continued. The 
interstitial glandular cells in these animals were atrophic. If to rats in this condi- 
tion an androgen was given the seminal vesicles and prostate were restored to an 
active secreting state within a period of 6 to 12 days. Buchheim (1932) also found 
that an active seminal epithelium failed to maintain the accessory genital organs 
if the interstitial glandular cells were atrophied. He gav^e injections of pitch dis- 
solved in olive oil to rabbits, guinea-pigs, rats and mice. In all these animals the 
treatment caused atrophy of the interstitial cells of the testis and involution of the 
accessory^ generative organs, although the seminal epithelium appeared un- 
affected and continued to produce spermatozoa. 
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Among the diseases of man are rare tumours of the interstitial tissue of the 
testis which produce excessive quantities of androgen, so that when they occur in 
young boys they cause premature masculinity. Stewart, Bell & Roehlke (1936) 
have recorded an example in a boy 5 years old. This child had pubic and axillary 
hair, an enlarged penis 10 cm. in length, and other signs of premature masculine 
development, unaccompanied however by any sexual manifestations. The affected 
testis was excised, after which most of the abnormal phenomena became less 
pronounced. 

The foregoing experiments and observations seem sufficient proof that the 
interstitial tissue of the testicle is the chief normal source of effective androgen. 

Observ-ations on men have shown that the testes are not the only source of 
androgens, for these are present in the urine of eunuchs and women. Callow & 
Callow (1940) found that the total amount of androgen excreted by a eunuch of 
20 years was about the same as that excreted by normal men; there was, however, 
a pronounced contrast betiveen the nature of the androgens so excreted, the 
androsterone and aetiocholane-ol-one excreted by normal men being largely 
replaced in the eunuch’s urine by /r^z/iydehydroandrosterone, derived perhaps 
from the adrenal cortex (Table 69). 

Table 69. Excretion of androgens by eunuch and normal men 
(Callow & Callow, 1940) 

Mixed urine of normal men Urine of eunuch 

(mg. per litre) (mg. per litre) 

Trawsdehydroandrosterone 0*2 2*0 

Androsterone 16 o-$ 

Aetiocholane“3(a)-ol-i7-one i'4 0*9 

Hoskins &: Webster (1940) collected the urine from two men who had been 
castrated 10 years and 35 years previously and estimated the total androgen 
content to be the equivalent of 6 i.u. per diem by the capon-comb test. They 
too found a qualitative difference between the androgens excreted by these 
eunuchs and those excreted by normal men, though their results differ from those 
of Callow & Callow (Table 70). 

Table 70. Excretion of androgens by normal and castrated men 
(Hoskins & Webster, 1940) 

Normal men Eunuch 

(mg. per diem) (mg. per diem) 

Androsterone 2*9 0*45 

Tra^^Dehydroandrosterone 2*0 0*10 

(ii) The ovary, Lipschiitz (1932) noted that an ovarian graft in a castrated 
male guinea-pig occasionally maintains the seminal vesicles and prostate in a 
normal condition, though this does not usually happen. In other experiments 
Lipschiitz (1933, 1935, 1937^) partially spayed twelve guinea-pigs, removing one 
ovary and leaving in place only a minute fragment of the other. A year later in 
six of these guinea-pigs the clitoris had become replaced by a structure re- 
sembling the penis of the male. Whatever the explanation may be, it appeared 
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that the ovarian abnormality caused by the operation had led to the production 
of enough androgen to bring about an obvious degree of masculinization. 

Hill &: Gardner (1936; see also Hill, 1937; Hill & Strong, 1940) performed 
experiments on mice which clearly indicate that the ovary" may be a source of 
androgen. Before discussing this work, and as an introduction to it, reference 
should be made to Moore’s observations. Moore (1935 b) made a detailed studvof 
cryptorchidism in rats, guinea-pigs, dogs, rabbits and sheep by pushing the testes 
into the abdomen, which is possible in these animals, and closing the inguinal 
canal. He found that within a week of such a procedure a complete disorganiza- 
tion of the seminal tubules may ensue. This condition is reversible and a rapid 
recovery follows replacement of the testis in the scrotum. IMoore discovered that 
the testicular changes caused by cryptorchidism might be attributed, as Crew 
(1922) had suggested, to the higher teniperature to which the testis is subjected 
when in the abdomen. The difference of temperature between the interiors of the 
scrotum and abdomen in these animals varied from 1-5° to 7° C. Incidentally 
it may be remarked that the difference in sixteen boys was found by Harrenstein 
(1928) to lie between 3*3° and 5° C. 

Hill & Gardner grafted mouse ovaries into the tips of the ears of castrated 
male mice. As a result of these grafts the accessory generative organs, instead of 
undergoing the usual post-castration atrophy, were maintained in several in- 
stances in full functional activity. Among thirteen mice so treated, the prostate 
and seminal vesicles were fully maintained and the functions of the coagulation 
gland were preserved in six ; in two the seminal vesicles and prostate were about 
one-half the normal size, and in the remaining five the ty^pical consequences of 
castration ensued. Examination of the successful grafts showed the ovary to 
consist of clusters of lutein-like cells. Ovaries grafted into the abdomen of males 
had no androgenic effect. The temperature of the mouse’s ear was found to be 
approximately the same as that of its scrotum, that is to say 5" to 6® C. below that 
of the abdomen. The results of these aural grafts were considerably affected by 
the temperature of the environment. If the mice were kept in a temperature of 
22° C. evidence was always forthcoming of the production of androgen by the 
ovarian grafts, but castration changes occurred if the mice were kept in an 
atmosphere of 33" C. By reversing the atmospheric conditions from warm to 
cold, or from cold to warm, the maintenance or atrophy of the accessory repro- 
ductive organs could be regulated, though no change could be detected in the 
grafted ovaries to correspond with their varying function. 

In a later paper Hill (1941) says that an ovary successfully implanted into a 
mouse’s ear continues to produce androgen for about 12 months, and in castrated 
males enough androgen is formed to maintain the prostate and seminal vesicles 
in a normal state for 6 months. He could not correlate this androgenic potency 
with any histological changes in the ovaty^ 

Deanesly (1938A) repeated some of Hill’s experiments, using rats instead of 
mice. She found that most of the successfully grafted ovaries showed androgenic 
activity by causing growth and secretorv" activ’ity in the prostate. But the 
maintenance effects on the seminal vesicles we re either much less pronounced or 
absent, from which she concluded that the androgen produced by the grafted 
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ovarv was probably not the same as that produced by the normal testicle, that is 
to sav testosterone, for this affects the prostate and seminal vesicles of the rat in. 
about equal degree, which is not the case with all androgens. 

Pfeiffer (1937) found that if rats were placed in warm surroundings so as to 
maintain their body temperature at 39"" C. for 15I- hours out of the 24, changes 
similar to those caused by cr\^ptorchidism took place in their testes and there was 
some reduction of androgen formation. 

Further evidence of the production of androgen by the ovary is provided by 
obseiv'ations on the fowl’s comb, for this structure will respond by an increase in 
size not only to testicular extracts but to ovarian extracts also (Champy & Kritch, 
1925). Moreover, the hen’s comb like that of the cock atrophies after gonadec- 
tomy and becomes enlarged and turgid in response to androgens but not to 
oestrogens (Parkes, 1937; Domm, 1937; Dorfman &Greulich, 1937) — from which 
it seems clear that the hen’s ov^ary produces enough androgen to protect her comb 
from atrophy. It has been found also that an extract of sow’s ovary will stimulate 
growth of the capon’s comb (Parkes, 1937); and it is a matter of common ob- 
sen'-ance that the hen’s comb is enlarged during the egg-laying phase, when the 
ovary is in an active functional condition, and that it shrinks and becomes flaccid 
when egg-laying ceases. Another example of the production of androgen by the 
ov^ary is afforded by some experiments by Domm (1937), who gave daily injec- 
tions of a gonadotrophic hormone prepared from sheep’s pituitary to recently 
hatched chicks. This treatment caused premature and excessive growth with 
turgidity of the comb, and to a less degree of the wattles and ear-lobes, associated 
with great enlargement of the medulla of the ovary. If the ovary were removed, 
no comb growth was induced. Apparently no functional activity was caused in 
the right vestigial gonad of the chicks by the administered gonadotrophic hor- 
mone. Noble & Wurm (1940) have seen additional evidence of androgen produc- 
tion by the ovary during their studies of the black- crowned night heron {Nycti- 
corax nycticorax hoactti). Both sexes of this heron, they say, undergo similar 
pigmentary changes at the onset of the breeding season. Gonadectomy prevents 
these changes. Testosterone propionate causes the breeding plumage to appear 
in immature herons and in gonadectomized adults of either sex. Oestrogens do 
not have this effect. The conclusion is that the ovary in these birds produces 
androgen at the onset of the breeding season. Another example of the same sort 
is mentioned by Witschi & Fugo (1940), who say that during the breeding season 
in starlings of either sex the bill becomes yellow, and that this feature can be 
produced in female starlings at any time of the year by androgen, but not by 
oestrogen. A comparable observation has been made by Kirschbaum & Pfeiffer 
(1941) on the sparrow. The male sparrow’s bill, they say, becomes black in the 
breeding season and that of the female sparrow darkens at the same time. These 
effects can be artificially produced in either sex by applying small doses of 
testosterone propionate to the base of the bill during periods of sexual inactivity. 
Apparently as the mating season approaches the female produces enough 
androgen to cause darkening of her bill. 

Human pathology has shown that the ovary in some circumstances may pro- 
duce relatively large amounts of androgen, for in certain cases of ovarian tumour 
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(arrhenoma) pronounced virilism occurs and there can be little doubt that it is 
the consequence of androgen fornaed in the affected gonad. 

(iii) The adrenals, Lespinasse (1924) seems to have been the first to demon- 
strate by experiment the androgenic capacity of adrenals. He implanted adrenal 
tissue into the pectoral muscles of a young cockerel and thereby induced pre- 
cocious male development and behaviour. 

For many years clinicians have recognized a close connection between the 
adrenals and the sexual organs in man. Deficiency of the adrenal cortex is 
accompanied in men by sexual impotence accompanied by atrophy of the testes, 
prostate and other accessor}' glands, and in women by atrophy of the ovan' with 
degeneration of the ova and an absence of corpora lutea (Groliman, 1936). On 
the other hand hypertrophy of the adrenal cortex, and some adrenal tumours 
also, when occurring in females or in boys before the age of puberty, often cause 
virilism, and in such cases an excess of androgen has been detected in the urine 
(Simpson, de Fremery & Macbeth, 1936, and others), and compounds of an 
androgenic nature have been isolated in a pure form from mammalian adrenals 
and from the urine of female patients who were the subjects of adrenal tumours. 

From adrenal material Reichstein(i936) obtained and identified adrenosterone, 
which has about one-fifth the capacity of androsterone for causing growth of the 
comb in capons, and Pfiffner & North (1940) extracted from the adrenals of cattle 
an isomer of deoxycorticosterone, namely ly-jS-hydroxyprogesterone, which has 
an androgenic potency about equal with that of androsterone; it had no proge- 
stational effect in the rabbit when given in a dose of 5 mg. Callow (1936^; see 
also Crooke & Callow, 1939) isolated ^r^^ndehydroandrosterone from the urine 
of a 6-year-old girl who had an adrenal tumour. Burrows, Cook, Roe & Warren 
(1937) identified A^^^-androstadiene-iy-one in the urine of a man with adrenal 
carcinoma, and Butler & Marrian (i 938) isolated z^oandrosteronefrom the urine of 
patients with symptoms of virilism. From the urine of a woman with an adrenal 
tumour Wolfe, Fieser & Friedgood (1941) isolated five different 17-ketosteroids, 
namely androsterone, 3 a-hydroxyaetiocholane- 17-one, /mw^-dehydroandrosterone, 
A^^^-androstadiene-ry-one, and 3 x-hydroxy^androstene- 17-one. 

Riddle (1937) observed sixteen pigeons in which no gonads were discovered, 
and yet these birds showed normal male behaviour and therefore, it seems, 
androgen must have been formed somewhere in the body: he suggests the 
adrenals. 

Callow (1938) has showm that oophorectomy in women, although it may reduce 
the urinary excretion of androgen, does not entirely prevent it, and Hamblen, 
Ross, Cuyler, Baptist &: Ashley (1939), using a colorimetric method of estimation , 
discovered relatively high titres of androgen in the urine after oophorectomy as 
well as after the menopause. Hirschmann ( 1939) isolated two androgens, namely 
androsterone and /rdwdehydroandrosterone, from the bulked urine of nine 
women who had undergone double oophotectomy and were still below the age 
of the menopause. 

Price (1936) observed that if a rat is castrated when i week old the develop- 
ment of its prostate and seminal vesicles continues until the rat is between 30 and 
40 days old, when signs of atrophy begin to appear, and she suggests that in the 
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intervening period a considerable supply of androgen must have been, forth.- 
coming ; it is reasonable to suspect that the adrenals are the source. 

Various experiments on animals have shown by other means that the adrenals 
have a sexual function. IMoszkowska (1935) worked with, castrated guinea-pigs, 
and regarded the cornified denticles which are part of the normal male guinea- 
pig's penis as indicators of the presence or absence of androgenic activity, for 
these little structures disappear and the penis as a whole undergoes atrophy in the 
absence of stimulation by androgen. Moszkowska noticed that if a castrated 
guinea-pig were treated daily with injections of an alkaline extract of bovine 
pituitary the atrophy of the penis and its denticles was distinctly delayed. If the 
injections were given immediately after castration the penis and its adnexa con- 
tinued for 18 days or so to increase in size and the prostate and seminal vesicles 
underwent a much reduced involution as compared with those of controls. It 
seemed clear that androgen was being produced which could to some extent 
sustain the accessory reproductive organs of the male. In these guinea-pigs, after 
castration, the adrenals and thyroids were much enlarged. 

Davidson Sc Moon (1936) gave adrenocorticotrophic extracts from sheep's 
pituitaries to normal and castrated immature male rats. The preparations were 
free from growth, thyrotrophic and gonadotrophic hormones, though some 
lactogenic hormone was present. Seven rats were castrated 21 days after birth. 
Injections of adrenocorticotrophin were begun on the next day and continued 
daily for 9 days. The rats were then killed and their adrenals and accessory 
reproductive glands were weighed. The results show, not only an increase in the 
size of the adrenals, but a considerable increase also in the accessory genital 
organs as compared with those of untreated castrated rats (Table 71). 


Table 71. The effect of adrenocorticotrophin on the accessory genital 
organs of castrated rats (Davidson & Moon, 1936) 


Total dose of 
adrenocorticotrophia 
(mg.) 

297 

414 

603 

0 (controls) 


Average weight of 
adrenals 
(jng,) 

54‘9 

69*4 

105*5 

22*4 


Average weight of accessory 
genital glands 
(mg.) 

130-8 

100*9 

113*5 

54*8 


Davidson (1937) states that adrenocorticotrophin has no effect on the accessory 
reproductive organs of rats whose adrenals have been removed previously. The 
tabulated results suggest that the adrenals under the influence of adreno- 
corticotrophin produce androgen. 

Burrill & Greene (1939, 1940^) noticed, as Price had done, that castration of 
immature rats does not lead to rapid atrophy of the prostate as it does in the 
adult; if, however, the adrenals also are removed atrophy of the prostate follows 
at once. They castrated rats when they were 16 days old and from some of these 
they removed the adrenals 5 days later, and they adrenalectomized also some non- 
castrated rats when 21 days old. All were killed when 26 days old and their 
ventral prostatic glands examined. Results like those shown in Table 72 were 
obtained only with immature rats; castration later in life always caused atrophy 
of the prostate. 
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Table 72. The effects of castration, adrenalectomy and of both combined 
on the prostates of immature rats (Bxirrill & Greene, 194.06) 


Treatment 

Castration 

Adrenalectomy 

Adrenalectomy and castration 


Condition of prostate 

Partially maintained 

Normal 

Atrophic 


(iv) The placenta. An. increased amount of androgen has been noticed in 
the urine during gestation. In pregnant mice the adrenal A-zone disappears — a 
change which is caused by androgen but not by oestrogen or progesterone. It 
is suspected, though not proved, that this and other androgenic effects occurring 
in pregnancy may be due to androgen formed in the placenta. 

(v) Extraneous sources. Some androgens are highly effective when taken by 
the mouth, and, as with oestrogens, we are not in a position to ignore entirely the 
possibility of androgenic reactions being produced by food or drink. A curious 
example of androgenic action being naturally induced by a hormone formed out- 
side the body of the reacting individual is that on which the bitterling test for 
androgen is founded. Kleiner, Weisman & Mishkind (1936) have shown that 
in this little hsh the ovipositor grows at the egg-laying season in response to 
androgen discharged into the water by the male. 

Continual production of androgen and lack of storage. The rapidity with w^hich 
the effects of castration in the sexually active adult become manifest show that if 
androgen is stored at all in the body in normal circumstances the amount so held 
is small; apparently, during active sexual life, the supply is incessant or nearly so. 
Such a conclusion has been tested and confirmed by Moore (1932), using his 
spermatozoon motility test as a guide. 

One notable example of the storage of androgen in special circumstances has 
been recorded by Sweet 8c Hoskins (1941), who found that the pigmented deposit 
of fat (the so-called hibernating gland) of the woodchuck during its winter sleep 
contains a relatively large concentration of androgen: as large in fact as that found 
in the bulfs testis, which is otherwise about the richest source of androgen 
known. 

Inactivation and Excretion of Androgen 

Experiments have shown that androgens, like oestrogens, are rapidly inactivated 
in the body and excreted in the urine as compounds with reduced androgenic 
potency. After subcutaneous injections of testosterone, or its acetate, propionate 
and benzoate, into castrated dogs, Kochakian (1939) was able to recover from the 
urine only 03 per cent of the androgenic potency of the compounds injected, as 
tested on the capon’s comb. 

The fact that androgens recognized in the urine are not necessarily those which 
are active in the body was first suggested by Dingemanse, Freud & Laqueur ( 1935 ), 
who found that androgen extracted from male urine had considerably less action 
on the seminal vesicles of castrated rats than was shown by equal doses, estimated 
in capon units, of androgen extracted from testes. It is now recognized that the 
effective androgen formed by the testis, namely testosterone, is not excreted in 
the urine as such ; before excretion it is converted into other less active com- 
pounds, including androsterone (Butenandt, 1931), aetiocholane-3(a)-ol-i7-one 
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(Biiteiiaiidt & Dannenbaum, 1934; Callow Sc Callo\r, 1938, 1939), and perhaps 
/mw^dehydroandrosterone and some form of oestrogen. 

Sites of inactkation of androgens. Neither the inactivation of testosterone, nor 
its conversion into less active androgen, depends on the gonads. Dorfman (1940) 
gave 60 mg. of testosterone daily by the mouth for 5 days to a man of 40 who had 
been, castrated 20 years earlier. The urine during this period was collected and 
about 1 5 mg. of androsterone was obtained from it, testosterone being absent as 
in the urine of normal men. 

Danby ( 1940) found that if a dog’s liver or cow’s kidney is perfused with blood 
containing androgen the latter is inactivated. The capacity of the liver to inacti- 
vate androgen has been confirmed by Biskind (1940), who used castrated rats, 
displacing the spleens of some of them into the subcutaneous region without 
dividing the splenic vessels. He then implanted pellets of methyltestosterone 
subcutaneously into the intact rats and into the displaced spleens of the others. 
When this had been done the splenic vessels in some of the rats were ligated. 
As a result the rats canning subcutaneous pellets, or pellets implanted in the 
spleens whose vessels had been tied, showed the usual androgenic effects in their 
accessoiy’ generative organs. In contrast with these, the rats carrying pellets of 
meth}d testosterone in otherwise intact spleens showed no response to the 
androgen. Biskind’s interpretation of this result is that the androgen in the latter 
group was conveyed directly to the liver and inactivated there, whereas in the 
former tvo groups the androgen passed directly into the general circulation. 
He was able to draw the same conclusion from a similar experiment done on 
female rats (Biskind, 1941a). Pellets of testosterone propionate were implanted 
in their spleens, and in some instances the splenic vessels were tied, in others they 
were left intact. If the vessels were tied the testosterone inhibited oestrus, if the 
splenic vessels were intact the oestral cycles continued, presumably because in this 
case the dissolved testosterone passed directly to the liver, where it was in- 
activated. 

Burril! & Greene (ig^oa) have performed a comparable experiment. They 
castrated rats 20 to 23 days old, and in one group sutured half of a testis to the 
gastrosplenic mesentery and in the other group implanted half of a testis into the 
subcutaneous tissues. The animals were killed i or 2 months later, at which time 
the prostates and seminal vesicles of the rats with subcutaneous grafts were be- 
tween 5 and 6 times as large as those in the rats bearing mesenteric grafts. The 
result seems to be explained, as in Biskind’s experiment, by the direct conveyance 
of the absorbed androgen from the mesenteric grafts to the liver and its inactiva- 
tion there. 

The same workers (Burrill &; Greene, 1942 b) have later made more direct tests. 
They inserted pellets of testosterone into the spleens of castrated rats and noted 
that the accessory genital structures were very much less affected thereby than by 
similar doses lodged in the subcutaneous tissues. It was further noted that pellets 
of methyltestosterone lodged in the spleen caused some enlargement of the genital 
accessories, though not so much as that produced by subcutaneous doses, from 
which it seems that testosterone is inactivated more readily than methyltesto- 
sterone by the liver. 
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As already stated the chief metabolic products of testosterone, apart from 
oestrogen and inert compounds, appear to be androsterone and aetiocholane- 
3(a)-ol-i7-one. Callow (1939) gave 100 mg. of testosterone propionate daily to a 
man. While he was under this treatment the androgenic activity of his urine ^vzs 
4 times that determined during a later period when he was not under treatment. 
From this it can be concluded that the excess of androgen in the urine -was 
derived from the testosterone which had been given. Analysis showed that the 
chief androgens excreted in the urine w^ere androsterone and aetiocholane-3(x)“ 
ol-ry-one and they were present in about equal quantities (Table 73). 

Table 73. Excretion of androgens by a man under daily doses of 
100 mg. of testosterone propionate (Callow, 1939) 

Androsterone Aetiocholane-3(a)-al- 1 7-oae 
(mg. per litre) (mg. per litre) 

Normal men i-2 i*4 

Men under treatment with testosterone 8 7*7 

Dorfman (1940, 1941) also has shown that the administration of testosterone 
propionate is followed in men by an increased excretion of androgen in the urine. 
In such cases he has isolated from the urine androsterone and two of its isomers, 
namely aetiocholanol-3(a)-i7-one and aetio<3//acholanol“3(jS)-i7-one. 

The conversion of androgen into oestrogen in the iwifig body. Another metabolic 
product of androgens is oestrogen, perhaps in the form of oestrone. 

Steinach, Kun & Peczenik (193 6 A) found that the administration of andro- 
sterone to rats was followed by an increased excretion of oestrogen in the urine. 
Further, they proved that this transformation did not take place in the testes, for 
it occurred in castrated as well as in normal rats. Steinach & Kun (1937) reported 
similar results in man following the administration of either testosterone pro- 
pionate or androsterone. They estimated the oestrogen content of the urine of 
six men of varying ages. To five of the men testosterone propionate in doses of 
50 mg. ^vas then given 3 times a week until each had received twenty doses. The 
sixth man was given 20 mg. of androsterone 4 times a week. The oestrogen con- 
tent of the urine was estimated at interv'als and was found to rise steadily during 
the treatment. Before receiving androgen the oestrogen content lay between o 
and 36 r.u. per litre of urine. With the continued injection of androgen the 
urinary output of oestrogen steadily rose and with cessation of the injections 
declined. The largest amounts registered were 1,200 r.u. per litre after testo- 
sterone propionate, and 210 r.u. after androsterone. The exact nature of the 
oestrogen excreted was not determined. An increased output of oestrogen in men 
following the administration of androgen has been observed also by Callow 
(1938), Foss (1939) and others. 

Callow, Callow & Emmens (1939) examined the urine of two men with en- 
larged prostate, one man with acromegaly and three eunuchs, all of whom were 
treated with testosterone propionate, and they found that during this treatment 
there was a largely increased excretion in each case of both androgen and 
oestrogen (Table 74). 
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Table 74. Increased excretion of androgen and oestrogen in. men under treat- 
ment with testosterone propionate (Callow, Callow 3 c Emmens, 1939) 



17-Ketosteroids by 
colour test 

Androgen by 
capon test 

Oestrogen 

Condition 

(mg. per diem) 

(i.u. per diem) 

(i.u. per diem) 

Enlarged prostate 

Before treatment 


ID 

<4 

After ,, 


50 

34 approx, 

Acromegaly 

Before treatment 

9*6 

13 

27 

After ,, 

39*9 

126 

621 

Castrated 

Before treatment 

7*4 

i6*3 

7 

After ,, 

12*4 

50*3 

36-3 


In women a decrease of the urinary excretion of androgen has followed the 
administration of oestrogen. Hamblen, Pattee & Cuyler (1940) estimated by 
Oesting’s colorimetric method the androgenic litres of the urine of ten women 
who had passed the menopause; the women were then treated with oestrogen, 
after which the amount of androgen in the urine was found to have become less. 
The same sequel to treatment with oestrogen was seen in seven women who were 
the subjects of ‘ hypoovarianism ’ (Table 75). 


Table 75. Decreased excretion of androgen in women after the 
administration of oestrogen (Hamblen, Pattee & Cuyler, 1940) 


Condition of 


Excretion of androgen per diem 

A 

r ^ 

Before treatment After treatment 

Percentage reduc- 
tion of androgen 

subject 

Number 

(i.u.) 


excretion 

Past the menopause 
‘Hypoovarian’ 

10 

84 

60 

28 

7 

70 

43 

40 


An observ^ation by Parkes (1935) may be recalled in connection with the fore- 
going remarks. He noticed that androstanediol prov^okes vaginal cornification in 
normal but not in spayed rats, a fact which suggests that in this instance the 
ovary may play some part in the conversion of an androgen into an oestrogen. 

Excretion of androgen otherwise than by the kidney. Apparently no great atten- 
tion has been given to the share, if any, which the alimentary canal takes in the 
elimination of androgens. 

During lactation androgen may be excreted in the milk, and if given to the 
lactating mother may pass to the infant in sufficient amount to exercise recog- 
nizable biological effects (Raynaud, 1938). 

Excretion of Ajidrogen by Boys and Men 

(i) Before puberty. Androgens affect embry’'ological development and are 
needed therefore at an early stage of intrauterine life. This matter will be dis- 
cussed later. To exemplify the production of androgen by the gonads before 
birth we can quote an experiment by Koch (1931), who extracted more androgen 
per gram from the testes of foetal bulls than from those of calves or adult bulls. 
This does not mean that the elaboration of androgen is independent of age. The 
estimation of androgen excreted in the urine, in spite of drawbacks inherent in 
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thus method of inyestigation, has fielded much information on the production of 
androgen in the bodf and has given also a good basis for both academic con- 
clusions and human therapy. In man the output of androgen is small in the early 
years of life, rises at puberty, reaches a maximum during active sexual life, and 
declines in old age. 

Bourg (1930&) observed that ten daily injections of man’s urine into immature 
rats caused hypertrophy of the accessory sexual structures whereas no such effect 
was produced by the urine of children. Using the capon-comb test as a criterion, 
Womack & Koch (1932) were unahle to detect any androgen in the urine of boys 
under 10 years old, whereas the urine of boys of 14. years and upward apparently 
contained as much as that of adult men. 

By improved methods of assay Dorfman, Greulich & Solomon (1937) esti- 
mated the output of androgen in eighteen boys of various ages and found a 
notable rise in the amount at the onset of puberty (Table 76). 


Table 76, The urinary excretion of androgen and oestrogen in 
boys of various ages (Dorfman, Greulich & Solomon, 1937) 


Age in years 
7-8 

O-io 
11-12 
13-1 + 

15- 16 

16- 17 


Average output of androgen 
(i.u. per diem) 

I’l 

2*0 

2*0 

6*3 

I 1-7 
1 6-6 
1&2 


Average output of oestrogen 
(i.u. per diem) 

Less than 9 
Less than 5 
12*5 
i7‘5 
38*0 


From this table it will be seen that the increase of androgen in the urine at 
puberty is accompanied by an increase in the amount of oestrogen. This may be 
accounted for, wholly or in part, by the capacity of males to convert androgen 
into oestrogen, as mentioned earlier. Nathanson, Towne & Auh (1939) also, 
using a colorimetric method of assay and making several tests with each indi- 
vidual, have shown that an increased excretion of androgen accompanies the onset 
of puberty in boys (Table 77). 


Table 77. The urinary excretion of androgen in boys of 
various ages (Nathanson, Towne & Aub, 1939) 


Age in years 

8.V 
TOi-X- 
12 1-^ 


Average output of androgen 
(i.u. per diem) 


17-7 

22-6 


(ii) After puberty. The increased excretion of androgen by men during sexual 
maturity, with a subsequent decline in later years, has been shown by Kochakian 
(1936), Dingemanse, Borchardt & Laqueur (1937), Hansen, AlcCaheySc Soloway 
(1936) (Tables 78, 79). 

From table 79 it will be seen that there are wide variations in the different 
assays, and it has been noticed by several workers that even in the same indi- 
vidual the urinary^ content of androgen may diiTer much from time to time 
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(Koch, 1937; Callow, 1938; Hamblen, Ross aL, 1939). AIcCiilIagh (1939), 
who has called special attention to this variability, found the average output of 
androgen per diem in twenty normal men was 40-5 or 35*1 i.u. as estimated by 
two different methods. 


Table 78 . Excretion of androgen in young adult and in elderly men 

(Kochakian, 1936) 

Average excretion of androgen 
Number of men Age in years (c.n. per diem) 

12 21-29 12-16 

5 50-76 2-3 

Table 79, Excretion of androgen by males at various ages 
(Dingemanse, Borchardt & Laqueur, 1937) 

Average output of androgen 

Age in years (i.u. per diem) Extremes 

5“ 1 5 20*5 8-50 

20-34 99-3 15-170 

59-67 20*3 5-40 

It will be noted that urinary assays of androgen differ when made by separate 
obseiA^ers. No doubt such discrepancies will vanish when methods of assay have 
become standardized and more care is taken in collecting the urine. 


Eoccretion of Androgen by Young Girls and Women 

As already stated the formation and excretion of androgens is not confined to the 
male sex. These hormones may be excreted by normal adult women in approxi- 
mately the same amounts as by men (Womach & Koch, 1932; Callow, 1936&; 
Koch, 1938). Children excrete smaller quantities. 

Dorfman, Greulich k Solomon (1937) assayed the androgen content of the 
urine of young girls, and their results show that, as with boys, a rise occurs on 
the approach of puberty (Table 80). 


Table 80. The urinary output of androgen in young girls 
(Dorfman, Greulich & Solomon, 1937) 


Average age* in 
years 

7-S 

9-10 

10- II 

11 - 12 
12-13 


Average output of 
androgen 
(i.u. per diem) 

2-0 

0*7 

2*2 

3*0 

7*0 


Average output of 
oestrogen 
(i.u. per diem) 

lO'O 

56 

<5-0 

20’0 


Nathanson, Towne & Aub (1939), though their estimates exceed those of 
Dorfman and his colleagues, show a similar rise in the output as puberty ap- 
proaches. They used a colorimetric method of assay (Table 81). 

Dingemanse, Borchardt & Laqueur (1937) found a considerable increase in 
the output of androgen in the urine of girls after puberty (Table 82). 
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Table 81. The urinary output of androgen in young girls 
(Nathanson, Townie & Aub, 1939) 


Age in years 


Average output of androgen 
(i.n. per diem) 




IOi% 


II 

I2f% 


J 3 

7*7 

7'2 

14*9 

14*8 

14-7 


Table 82. Tke urinary excretion of androgen in young girls and 
\vomen (Dingemanse, Borchardt & Laqueur, 1937) 


Age in years 
5 

20-26 


Average output of androgen 

(i.u. per litre) (i.u. per diem) 
II 8‘3 

42 40-3 


Extremes 
(i.u. per litre) 


10-12 

15-65 


From the quantities mentioned in previous pages it will be seen that there is 
no very great difference in the amount of androgen excreted by men and women. 
The relative output of 17-ketosteroids in adults of the two sexes have been 
determined by Callow, Callow, Emmens & Stroud (1939), who say that the 
difference is not' significant (Table 83). 


Table 83. Excretion of androgens by adult men and women 
(Callow, Callow, Emmens & Stroud 1939) 

Mean value of 17-ketosteroids 
excreted in the urine per diem 
(mg.) 

Men 9*05 

Women 6*75 

Some variation in the urinary excretion of androgen has been noticed during 
the menstrual cycle in women. Hamblen, Cuyler 5 c Baptist (1940), using Oesting’s 
colorimetric method, estimated the androgen output in nine women during the 
menstrual cycle and found that there was a significant decrease during the 
bleeding stage in seven of the women. The average titre in the entire group was 
72 i.u. per diem during the non-bleeding phase and 50 i.u. per diem in the 
bleeding phase. 

After the menopause the output of androgen falls. Dingemanse, Borchardt & 
Laqueur (1937) found that the androgen output in women between 20 and 26 
years of age amounted to 42 i.u. per litre of urine with extremes of 1 5-65 , whereas 
in old women the amounts ranged from 7 to r i i.u. per litre. 

There appears to be little if any difference in kind between the androgens 
excreted by normal men and women. Callow & Callow (i 939) assayed the bulked 
urine collected from a number of healthy women, and isolated therefrom three 
different androgens in amounts w'hich are shown in Table 84 together with assays 
made by them (CalloAv & Callow, 1940) on the urine of a eunuch and on the urine 
of normal men. 
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Table 84. Excretion of androgens by a eunuch and by normal 
men and women (Callow 82 Callow, 1940) 


Source of urine 

Eunuch 
Normal nien 
Normal women 


Aetiocho lane-3 (a)- 
Androsterone ol-17-one 

(mg. per litre) (mg. per litre) 


Transdehydro- 
androsterone 
(mg. per litre) 


0 - 5 

1 - 6 
1-3 


0-9 

2-0 

1*4 

0*2 

1*3 

0‘2 


Callow & Callow state that both androsterone and aetiacholane-3(a)-ol”i7-one 
are derived from testosterone when this is given by injection, though it is not 
necessary to infer from this that testosterone is their natural precursor in women. 
The ovary certainly is not the only source of androgen in women, for removal of 
both ovaries does not abolish the output of androgen in the urine (Parkes, 1937). 
Hirschmann (1939) isolated androsterone and aetiocholane-3(oc)-ol-i7-one from 
the bulked urine of nine spayed women, all under the menopausal age, in amounts 
only a little less than those obtained from the urine of normal women. Trans- 
dehydroandrosterone was also recovered from this urine. 

Hamblen, Ross, Cuyler, Baptist k Ashley (1939), using a modification of 
Costing’s colorimetric method, have noticed some apparent correlation between 
the output of androgen and the complexion of the skin in women, the amounts 
being larger in brunettes than in blondes (Table 85). The administration of 
oestrogen, they found, caused a decrease of the androgen excretion ; androgens 
caused an increase. In five women who had undergone oophorectomy the output 
of androgen in the urine was not reduced. From this they conclude that most of 
the androgen excreted by women is not derived from the ovary. 


Table 85. Excretion of androgen by blondes and brunettes 
(Hamblen, Ross, Cuyler, Baptist & Ashley, 1939) 

International units of androgen 
Complexion excreted in 24 hours 


(i) Blonde 

14 

(2) Medium blonde 

IS 

(3) Medium brunette 

21 

(4) Medium brunette 

22 

(5) Marked brunette 

34 


Factors other than Age and Sex in the Production, 

Inactivation and Excretion of androgen 

The normal production, inactivation or excretion of androgen may be disturbed 
by several circumstances. 

(i) Pituitary uifluence. The pituitary controls the production of androgen 
because it is the source of trophins on which the formation of androgen depends. 
At present we have little knowledge of any part played by the pituitary in the 
excessive production of androgen under natural conditions by the adrenal, ovary, 
testis or any other organ. We are better informed about circumstances in which 
the output of trophins and consequently of androgens may be reduced. This 
matter has been dealt with already (p. 32) and no more will be said about it here 
except to remind the reader that the output of gonadotrophins by the pituitary is 
affected not only by the gonadal hormones but by various other agencies, in- 
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eluding diet, general health, poisons, environment and psychological and physical 
stimuli. 

(ii) Absence or disease of the androgen-producing organs. An excessive produc- 
tion and excretion of androgen is a recogni2ed result of certain tumours of the 
testicle, ovary and adrenal. In some instances, well appreciated in the case of the 
adrenal, a simple hyperplasia of the androgen-producing tissue exists. A possible 
connection between these lesions and the pituitarv" cannot be dismissed from the 
mind, but until the connection, if any, can be traced we have to regard these dis- 
orders as though they had arisen from local causes alone. A simple hyperplasia 
and overaction of the interstitial tissue of the testis, or of the androgenic medullary^ 
elements of the ovary, are less firmly established as pathological entities. If in fact 
they occur the matter may be one of sociological interest, for there can be little 
doubt that androgens influence behaviour, and their excessive production might 
cause erratic conduct. 

A diminished output of eifective androgen may be associated with testicular 
or adrenal defects. 

The excretion of androgen by crypt orchids, eunuchoids and eunuchs. Castration, 
incomplete descent of the testes and underdevelopment of the testes in eunuchoid 
conditions are all accompanied by quantitative changes in the formation of 
gonadal hormones and their excretion in the urine. 

The effects of cryptorchidism on the output of androgen by the testicles has 
been studied in rats by Nelson (1937^). He castrated rats or made them erv’-pt- 
orchid when between 39 and 44 days old, and recorded the results 300 or 510 
days later. The reduced weights of the seminal vesicles and prostate suggest that 
a long continued, slow decline of the output of effective androgen followed re- 
placement of the testes in the abdomen (Table 86). 


Table 86. The effects of castration and cryptorchidism on the bodnveight 
and accessory genital organs of the rat (Nelson, 1937 a) 


Rats 

Normal 

Cryptorchid 

Castrated 

Normal 

Cryptorchid 

Castrated 


Experimental 

period 

(days) 

300 

300 

300 

510 

510 

510 


Body-weight 

(g-) 

406 


357 


328 


427 

343 

323 


Weight of 
seminal vesicles 
(g.) 

1-375 

0-125 

0-019 

r-284 

0-057 

0'02I 


Weight of 
ventral prostate 
(g.) 

0462 

0-394 

0-033 

0-484 

0-109 

0-035 


Haaes & Hooker (1937), by a different method, also found a reduced formation 
of androgen by cryptorchid testes. They assayed testes from adult boars for their 
content of androgen by the capon-comb test. Two separate batches of material 
gave these results: 


Testes 

Normal 

Cryptorchid 


Weight of testicular material ctintaining i c.u. of androgen 


E.vperinvent I 
(g-) 

3^-7 

86-7 


Experiment 11 
igd 
27-0 
53‘5 
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Kenyon, Gallagher, Peterson, Dorfman & Koch (1937) assayed the urine for 
androgen, and oestrogen in a number of boys and men and found that a pro- 
nounced decrease in the excretion of both androgen and oestrogen accompanied 
an absence or morbid condition of the testicles (Table 87). It will be noted that 
ciyptorchidism is eventually accompanied by a reduced output of effective 
androgen. The fact that masculine traits and the condition of the male accessory 
organs, both in animals and man, may be maintained for a considerable time 
though the testes are absent from the scrotum is well recognized. Nevertheless 
many different observations have proved that a reduced formation of effective 
androgen is a feature of prolonged cryptorchidism. 

T.\ble 87. The effects of testicular activity on the output of gonadal hormones 
in the urine (Kenyon, Gallagher, Peterson, Dorfman & Koch, 1937) 

Average excre- Average excre- 


Number 

Condition 

Ages 

tion of androgen tion of oestrogen 
(c.u. per diem) (y per diem) 

4 

Normal men 

26-35 

40 

10 

3 

Ciy'ptorchid men 

13-26 

24*5 

2*7 

8 

Eunuchoid men 

20-36 

30 

1-8 

3 

Men with gj'naecomastia 

15-24 


10*7 

2 

Castrated men 

21-56 

2*25 (per litre) 

3*25 (per litre) 

4 

Normal women 

23-34 

38 

37 


McCullagh & Lilga (1940) hav'e published assays of urine from men with 
testicular or adrenal defects, and their results, shown in Table 88, are comparable 
with those of Kenyon, and his colleagues. 


Table 88. Excretion of androgen in the urine of men in 
various abnormal conditions (McCulIagh & Lilga, 1940) 


Condition 

Normal men (23-37 years) 

Eunuchoids 

Castrated 

Addison’s disease 


Number 
of men 

20 

12 

5 

3 


Average amount of 
androgen per litre 
(i.u.) 

37*8 

9*5 

6-4 

25-8 


Extremes 

18-86 

0-31 

0-18 

10-45 


CalloAV, Callow & Emmens (1940) compared the excretion of ly-ketosteroid 
and oestrogen in eunuchs and normal men and found that although the output 
of 17-ketosteroids by the eunuchs was somewhat low it was not outside the range 
of variations which occur in normal men (Table 89). 

Note. When considering the excretion of androgen, as shown in this and other tables, it is to 
be remembered that the figures do not always refer to identical subjects, (i) In some experiments 
androgen excretion has been estimated by biological tests, usually on the capon’s comb ; that is to 
say, the figures set out represent the effective androgen content of the urine as tested on comb 
growth. In this case the results would almost certainly be different if tested on prostate or other 
accessory' generative organs, and in any event they indicate not the quantity of androgen present 
but its effectiveness \ and the different androgens vary greatly in their efficacy. (2) In other tables 
the output of androgen is represented by the total 1 7-ketosteroids present in the urine and the 
figures given do not signify the androgenic potency of the urine, nor do they represent the total 
androgen present. However, experience has shown that either method will give useful information 
as to the androgen production by individuals. One might add that a statement of the total 
amount of androgen excreted in 24 hours is more informative than a report of the amount 
contained in one litre of urine. 
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Table 89. Excretion of gonadal hormones by castrated men 
(Callow, Callow & Em me ns, 1940) 

Average amounts excreted in urine 

17-Ketosteroids Oestrogen 

Subjects (mg. per diem> (i.u . per litre ; 

Euniiclis 7*77 5-S 

Normal men 9*05 10—50 

The qualitative changes in the excretion of androgen after castration are more 
striking than the quantitative changes. Callow Sc Callow (19401 collected and 
assayed a large amount of urine from a eunuch. They found that, as compared 
with the output of normal men, the eunuch’s urine contained less androsterone 
and aetiocholane“3(x)-ol-i7-one, and more fra?zjfdehydroandrosterone, which is a 
less potent androgen (Table 84, p- 172). It will be seen that the total weight of 
androgenous substance excreted has not been much, if at all, diminished by 
castration, but that the androgens excreted by the eunuch are less potent, re- 
garded as a whole, than those present in the urine of normal men. 

(iii) Impaired activity oj the liver. Yet another cause for an excess of available 
androgen in the living body may perhaps be a failure of the individual to inacti- 
vate or excrete it. It has been shown that testicular androgens are inactivated by 
the liver (p. 166). Talbot (1939) found that by causing cirrhosis of the liver, the 
inactivation of oestrogen is to some extent prevented. The supposition that a 
defective action of the liver perhaps may allow an excessive concentration of 
androgen in the blood seems not unreasonable in the light of these facts. 



Chapter VII. The Action of Androge7i on the Reproductive Organs 
before their Complete Differentiation 

Ovary, testis. Preeniartins. Accessory’ generative organs. 

Ovary, Testis. Freemartins 

Many years before any androgenic compound was identified and made available 
in pure form for experiment much had been learned about the biological proper- 
ties of these hormones by noting the results of castration, transplantation of testes 
or the injection of testicular extracts. A study of the conditions in which free- 
martins were produced supplied additional knowledge, and inquiries into the 
changes in the gonads and accessory genital organs of animals whichhave a limited 
breeding season also gave valuable information. Later work with the pure 
hormones has confirmed and extended the knowledge thus acquired. 

Permanent and trafisient effects. Some of the effects of androgen on the repro- 
ductive organs are permanent, others are reversible and endure only while 
androgen is being supplied in adequate quantity. The permanent effects are 
produced when growth and sexual development are still incomplete. This does 
not mean that lasting changes can be brought about only during embryological 
life, for many organs do not acquire their permanent form and character until 
long after birth. The gonads become fully differentiated early in embryological 
existence and afterwards remain relatively immune from permanent injury by 
androgen. The accessory generative organs complete their development much 
later and meanwhile their growth and form may be permanently interfered with 
by androgen. For example, the larynx and the bony pelvis do not acquire their 
ultimate masculine or feminine conformations until puberty and after; earlier in 
life they may become permanently deformed under androgenic influence. A few 
structures, of which the clitoris is an example, appear to remain, even in the 
adult, susceptible to some degree of permanent metamorphosis when submitted 
to an excess of androgen, and this seems true also of the facial dermis; for a beard 
once grown is slow to disappear after the chief sources of androgen have been 
removed- 

Diff'erent ways in which androgens act. Androgens affect the reproductive 
organs in more than one way: (i) they act on the pituitary so as to check the out- 
put of gonadotrophin or to alter the relative amounts of FRH and LH which it 
produces, and by this means they influence the formation of androgen within the 
organism; (2) they stimulate the gro\v1:h and functional activity of structures 
associated specifically with the male sex; (3) they diminish, modify or enhance 
some of the activities of oestrogen and progestin; and (4) to some extent they can 
fulfil the functions of progesterone. 

The Action of Androgen on the Gonads 

Before discussing the effects produced by androgen on the testis and ovary some 
details of the growth and differentiation of these organs in natural circumstances 
may be recalled. Experiments on the larvae of axolotls (Humphrey, 1928) have 
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shown that if, before gonads hare appeared, a strip of mesoderm containing 
gonadal primordia is removed and grafted into the body cavity of an embrt'o host, 
the grafted tissue may yet produce a gonad. The experiment seems to prove that, 
in the axolotl, the determination towards gonadal formation lies in the primordial 
tissues themselves. 

The primitive gonad is a bisexual organ, containing both male and female 
elements. In the testis the androgen-producing tissue becomes active at a date 
which precedes by a considerable inten'al the time when the female gonad be- 
comes physiologically active. 

Ancel & Eouin (1903 A) found that interstitial glandular cells were already well 
developed in the testes of embryo pigs of 30 mm., before the sexual cords have 
acquired lumina. In fact, they say, the testis at this period is made up chiefly of 
interstitial cells which contain numerous granules of secretion (see also Bouin & 
Ancel, 1903a, b). Allen (1904.) and Whitehead (1904) obserx’ed a rapid growth 
of interstitial cells in the testes of embrym pigs of 25 mm. These cells, which are 
abundantly distributed throughout the testis, are only occasionally if ever seen in 
the ovary at this early stage. After a length of 35 mm. has been reached by the 
pig embryo, the interstitial tissue of the testis, according to Allen, undergoes 
involution, the cells being reduced almost to the state of naked nuclei. They come 
into activity again when the embry^os have reached 20 cm. in length and remain 
so until full term, at which time they are the chief feature of sections of the testis 
seen under the microscope. In the rabbit’s ovary Allen found no interstitial cells 
until 45 days after birth. In the male calf Lillie & Bascom (1922) found interstitial 
cells very early in embr\mlogical life, at the beginning of differentiation of the 
testis, whereas in the calf’s ovary’- they do not appear until near the time of birth. 
Willier (1932) states that the first decisive change towards sexual differentiation 
is seen in the medulla. In the male, the rete testis continues to proliferate, re- 
mains compact and shows the formation of tubules, while the cortex disappears. 
In the female proliferation of the rete ceases early, the cortex becomes thickened 
and the germ cells multiply. According to Burns (1928), during the earliest stage 
of sexual differentiation the germ cells in the male are distributed evenly through 
the gonad, there being no distinguishable aggregation of them toward the surface, 
whereas in the female they become arranged about the periphery' so as to form a 
distinct cortex. Pronounced c}’tological differences also, he says, are seen in the 
germ cells of the two sexes at this early stage. Dantchakoff (1937 b) observed in the 
gonads of male embryo guinea-pigs, at a very early stage of development, special 
glandular cells which are free in the mesenchyme and resemble closely the Ley dig 
cells of the adult testis. She believes that the function of these cells is to produce 
androgen, and that they are responsible for the development of the male accessory- 
organs. She found no such cells in the gonads of female embryos. Whatever the 
signiticaiice and function of these glandular cells may be, it seems probable for 
several reasons that the production of androgen b\' the male in effective quantity 
occurs at an early stage of emhry'onic existence. 

We niav suiuniarize the foregoing discussion by stating that when a gonad 
first can be distinguished in the embryo it appears morphologically as a bisexual 
organ, containing a medulla which represents the male component and a cortex 
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which is the female element. In the process of development one or other of these 
sexual elements becomes suppressed, while the other continues to flourish so that 
the sex of the embr^^o becomes recognizable. Whether the primitive, bisexual 
gonad will be biased to the male or to the female side will depend in vertebrates 
upon the genetical constitution of the individual. C3rtological appearances, as 
just mentioned, suggest that in certain mammals gonadal hormones are produced 
much earlier in the male embr}^o than in the female, and in later pages it will 
appear that a development of male structures in the female mammal is a more 
frequent occurrence than the development of female structures in the male. 

We may now consider the direct effects produced by androgen upon the male 
and female gonads ; and in the discussion of this matter we shall utilize much 
first-class experimental work which was performed before pure androgens had 
become available, and the outcome of which is attributable by inference only to 
the action of these hormones. 

(a) The effects of androgen on the developing ovary. It may clarify the subse- 
quent exposition if we suggest that the direct effect of androgen upon the ovary 
will depend largely upon the stage of gonadal differentiation which has been 
already attained. 

(i) The effects of testicular tissue on the embryonic ovary. Minoura (1921) 
grafted small pieces of testis on to the chorio-allantoic membrane of developing 
chicks after they had been incubated for periods varying from 2 to 1 6 days. In 
some of the females so treated there was a persistence of the right gonad, which 
normally remains rudimentary in hens, and a modification in a masculine direc- 
tion of the left gonad. Both Greenwood (1925) and Kemp (1925) repeated this 
experiment on a large scale without being able to confirm Minoura’s observa- 
tions. Their methods differed in one respect from Minoura’s, inasmuch as none 
of their grafts were inserted before the 7th day of incubation, whereas some of 
Minoura’ s were introduced as early as the 2nd day; and it seems that the pro- 
pensity of the female gonad to undergo a masculine change under the influence 
of testicular hormones diminishes as sexual differentiation of the gonads proceeds 
(see Willier h Yuh, 1929). 

Burns (1928) states that in larval axolotls (Amblystoma punctatum) the gonads 
remain without sexual differentiation even when large enough to be recognized 
and transplanted with the aid of a binocular microscope. He carried out a series 
of transplantations of these undifferentiated gonads, including part of the meso- 
nephros with the gonad, into older larvae in which sexual differentiation had 
already occurred. The hosts were killed at the end of periods varying from 30 to 
72 days and their own and the grafted gonads were then examined. Among 
sixteen such individuals available for examination, including eight males and 
eight females, the hosts" gonads were normal in all but two, which showed some 
evidence of bisexual structure. On the other hand in seven of the grafted gonads 
there was a mixture of male and female characters, showing that the structure of 
the grafted undifferentiated gonads had been materially changed by influences 
exerted by the host. When, however, gonads which had already undergone 
differentiation were transplanted they did not undergo any modification so as to 
show bisexual features. 
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That there is little if any incompatibility between testis and ovary in the adult 
animal has been proved by transplantation experiments carried out by Steiiiach 
(1916) on rats and guinea-pigs, Moore (1921) on guinea-pigs, and Finlay (1925) 
on fowls, and also by the obsenuition of examples of true hemiapliroditisni in 
mammals (Witschi, 1932). Wells (1937&) made a detailed examination of two 
hermaphrodite squirrels; in each animal all the reproducth'e organs of both sexes 
were present except that the external genitalia were male and^ the prostate was 
absent. The ovotestes were situated in the abdomen. Eighty per cent of the 
volume of the medullary part of these gonads consisted of seminiferous tubules 
and interstitial tissue. Spermatogonia and primary spermatocytes were present. 
The ovarian tissue, which formed a cortex to the gonad, showed the presence of 
primordial ova and follicles with granulosa, but no follicles with antra and no 
corpora lutea were seen. Gonadotrophin from pregnant mare’s serum caused 
a simultaneous formation of spermatozoa, graafian follicles and corpora lutea. 
Raynaud, Marill & Xicluna (1939) have described a case of human hermaphro- 
ditism in which the right gonad was an ovary and the left a testis. The psyche was 
female, the mammae and uterus were well developed and the ovary was func- 
tional, There was no vaginal opening, and hy^pospadias was present. The testis 
showed the presence of scanty spermatids. 

The foregoing observations seem to show that the dilferentiated gonads, 
whether ovary or testis, are little influenced directly by the gonadal hormones. 
There is plenty of evidence, however, that the incompletely differentiated ovary' 
may be profoundly affected by androgen supplied from the testis; and it seems 
that the degree of effect may depend on the stage of differentiation attained before 
the excessive supply of androgen has begun. 

One way to study the influence of naturally produced hormones on the gonads 
of the other sex is provided by’’ symbiosis, that is to say the sharing of a common 
blood supply by individuals of different sexes ; and three kinds of symbiosis are 
available for these inquiries, namely (i) normal symbiosis between the mother and 
the embryo, (ii) the occasional but natural symbiosis in which male and female 
foetuses share a common placenta — a participation which produces the free- 
martin — and (iii) artificial symbiosis in which two individuals are joined together 
by operation so that their bloods can intermingle. As we are concerned at present 
with the action of androgen only, we need not discuss here the symbiotic relation- 
ships between the maternal ovary" and the embry'o gonad. 

Freemartms. In the freemartin there are many features which bear upon the 
present discussion. From ancient times it has been recognized that when a cow 
gives birth to two calves, one a bull and the other a cow, the bull will grow into 
a normal male and the cow will often though not always be a freemartin, that is to 
savher reproductive organs, including the gonads, tend in a varying degree toward 
the male type. On the other hand, when both the twins are of the same sex, 
whether male or female, they are normal- John Hunter observed the condition 
in the horse, ass, sheep and cow, but not in man, dog or cat. He described the 
naked eye anatomy', and remarked that the freemartin had the general appearance 
of a spayed heifer or ox. In connection with this it may be mentioned that 
Marsman (1937), investigating the output of gonadal hormones by freemartins. 
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finds that tliev produce negligible quantities of androgen and oestrogen, being 
thus from the hormonal standpoint on an equality with the ox. William Harv^ey 
(157S-1657) had noted in Eqtiidae and in those cloven -footed animals which 
occasionally produce twins, that in some instances each of the twins had its own 
separate placenta, whereas in others the twins shared a single placenta. Lillie 
(1917), in a classical paper, showed that the freemartin is zygotically a female 
which has become modified by the sex hormones of the male twin owing to fusion 
of the two chorions and the consequent interchange of blood between the two 
individuals. By comparing the number of corpora lutea present with the number 
of foetuses, Lillie further showed that the freemartin is not the result of mono- 
zygotic twinning. In every one of eighty-one instances in which a single foetus 
was present there was only a single corpus luteuni. In every one of twenty-two 
pregnancies in which twins were present, one being a freemartin, there were two 
corpora lutea; so that one may conclude that the freemartin is the result of a 
secondai}’" fusion of the two initially separate placentae with anastomosis of their 
blood vessels. Chapin (1917) studied the gonads of embryo bovine twins 7*5 cm. 
in length. In the male twin seminiferous tubules were already visible and were 
separated by connective tissue and interstitial glandular cells, and the organ was 
enclosed in a tunica albuginea. In the female twin the gonads were small com- 
pared with the gonads of the male twin, being 2-07 mm. in length compared with 
3*5 mm. Each ovary consisted of a medulla surrounded by a tunica albuginea; 
very few germ cells were present and no interstitial glandular cells were seen. 
In a freemartin 21 days after birth the gonads resembled those of a male in the 
absence of cortex, the presence of a tunica albuginea, and the structure of the rete. 
Some of the sex cords were like medullary cords, others being like seminiferous 
tubules. The position of the rete was that in the normal ovary. Willier (1921), 
examining a series of freemartins, noticed considerable differences in the grade 
of transformation of the female gonad toward that of the male. 

Lillie (1932) states that fusion of the two blastodermic vesicles of twin cattle 
may precede sexual differentiation of the gonads, so that hormones produced by 
the developing testis would be available from the very commencement of their 
formation and at a time preceding the suppression of the male components of the 
primitive ovary. 

A notable feature of the influence exercised by the gonad of the male over that 
of his twin sister is the permanence of the effect, for the adult freemartin does not 
have periods of oestrus, nor does she display any sexual interest in the males of 
her species, nor do they pay any sexual attention to her. The ovary has been so 
much altered by its early subjection to androgens that it does not acquire 
functional activity, and the adult animal has the characters of one from which the 
gonads have been removed in early life. 

A condition is seen occasionally in the human species which might be regarded 
as the equivalent of the freemartin. The patients genetically are females, but their 
gonads have become so modified as to be functionless. The adult subject is 
feminine in appearance, has no sexual urge and does not menstruate. In such 
cases it seems probable that the ovaries, before their complete differentiation, 
have been subjected to an excess of androgen, though this has not been derived 
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from a male twin. A case which seems to be an example of this condition has been 
reported, with illustrations, by Weisman (1941). 

Artificially prodii£ed symbiosis, A symbiotic condition, comparable physio- 
logicalK’ with that naturally present in twins which share a single placenta, can 
be brought about by uniting two individuals to each other by operation. When 
such a union is effected during the erabiyoiiic stage it is followed by gonadal 
abnormalities, which to some extent vaiy according to the degree of differentia- 
tion already attained at the time when the union is made. Burns (1925) succeeded in 
joining together, side by side, larval axolotls (Amhlystoma pimciatum) before their 
gonads had undergone sexual differentiation, a change which occurs relatively 
late in these creatures. Eighty’ of his parabiotic pairs survived until their sex 
could be identified by histological examination of the gonads, and among them 
the members of each pair were without exception of the same sex; forty-four of 
the pairs were both males, and the remaining thirty-six were both females. No 
intersexual abnormalities were seen, every’ pair consisting of apparently perfect 
males or perfect females. Clearly^ in this experiment a reversal of gonadal sex, 
as distinct from genetic sex, was induced in a large number of the individuals. 
In another experiment of the same kind Burns (1930, 1931) used laivae of 
Amblystoma tigrinum. In this series no instance of complete reversal of sex was 
found, but a large proportion of the pairs had gonads with combined male and 
female characters. In a total of 57 there were 16 pairs of males, 12 pairs of females 
and 29 pairs consisting of a male and female combination. All but one of these 
bisexual combinations showed some degree of intersexuaiity : 

In 23 the male caused modification of the female gonad. 

In 4 the female caused modification of the male gonad. 

In I equally balanced changes were present in the gonads of both individuals. 

In I no gonadal changes had occurred, the parabiotic pair consisting of a 
normal male and a normal female. 

In the most advanced examples the change almost amounted to the transforma- 
tion of an ov^'ary into a testis. 

Witschi & McCurdy (1929) performed the same sort of experiment on frogs 
and salamanders. In parabiotic frog larvae, they say’, the two sexes at first develop 
independently. Later the male partner becomes predominant and causes a modi- 
fication of the female gonad toward that of the male. They also used larval 
salamanders {Tritums torosus) and the results were comparable with those already 
rendered familiar by study of the freemartin. Of twenty^-two pairs joined to- 
gether immediately preceding the onset of muscular movements, eleven eventu- 
ally consisted either of two males or two females, and eleven consisted of a male 
and female combination. Among the latter the male partner was without excep- 
tion predominant, the gonads of the female being very’ much smaller than those 
of the male and containing few or no germ cells. Ovocytes were never seen, and 
the medullary cords were compact and resembled those of the testis. In four of 
the female partners a very’ few spermatogonia were present. These four cases 
might be regarded as confirming Burns’ obsen’ation of sex reversal. Witschi &: 
McCurdv noticed in male and female combinations that the male gonads also 
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^ve^e modified to some extent, that is to say the germ cells were reduced in 
number. Although this change was pronounced in certain instances, they did not 
find anv example in which spermatogonia were entirely absent. 

(ii) The ejf'ect of pure androgen on the embryonic ovary. Wolff (1935) dissolved 
androsterone in oil (20 mg. in i c.c.) and deposited a few drops on the chorion of 
embnmnic chicks between the 3rd and sth day of incubation. The embryos were 
extracted between the 15th day and the end of incubation. His results are shown 
in Table 90. 


Tjvble 90. The effects of androsterone on the gonads of 
embrj'o chicks (Wolff, 1935) 


Dose of androsterone 
per egg 

0-27 mg. 

0-35 to I mg. 


Sexual condition of chicks on 15 th day of incubation 


Males 


Females 

13 

o 


Intersexes 

2 

45 


The intersexes formed a nearly continuous series between females and males. 
In the least pronounced examples the left gonad had the structure of an ovary, 
but the right gonad was more developed than in normal females and contained 
toward the hiliim a mass of tissue with traces of testicular cords and also gono- 
cytes. In the most pronounced examples the gonads were of nearly equal size, 
the left being slightly the larger; both resembled hypertrophied testes and histo- 
logically had the structure of testes, though the left gonad showed an ovarian 
cortex with oogonia, which was the only character by which the embryos could 
be recognized as intersexual. 

Dantchakoff (1937 <3, b) noted the effect of testosterone propionate on the 
ovaries of embryonic chicks and guinea-pigs. In chicks so treated the abnormali- 
ties produced were slight; there were no obvious changes in the rudimentary 
right gonad, and the left gonad was flattened and limp. In guinea-pigs there was 
a pronounced hypertrophy of the ovarian nnedulla with a well- developed rete. 
Ra^maud (1937^, 1938^2, &) injected testosterone propionate into pregnant 

mice and noted the effects on the young. In the ovary there was a large develop- 
ment of rete with the formation of numerous anastomosing tubules which entered 
the ovary by the hilum and penetrated to the central zone where they formed large 
lacunae. Otherwise the ovary was unaffected. Greene & Ivy (1937; see also 
Greene, Burrill & Ivy, 1938 a, 4 ) treated pregnant rats with repeated doses of 
testosterone and androsterone and noted similar changes in the ovaries of the 
young. Bums (1939^2) obtained the same results by injecting testosterone pro- 
pionate into newly born opossums. Hamilton & Gardner (1937) gave daily sub- 
cutaneous injections of 500/ of testosterone propionate to rats during the last 
third of pregnancy. The female offspring, when examined at maturity, showed 
normal, functioning ovaries containing follicles and corpora lutea. 

Bums (19396) injected 25y of testosterone propionate into larval axolotls 
[Arnblystofna pnnctatum) every 4 or 5 days, beginning when they were 60 days old 
and continuing for 45 days, so that each animal received during this period a 
total dose of 2507. At the age of 60 days the gonads in this axolotl have already 
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undergone some degree of differentiation in normal circumstances, and therefore 
complete reversal of sex by the action of androgen trould not be expected. At 
the end of the treatment the testes ^ve^e found to be normah whereas in the 
ovaries almost all degrees of intersexuality were seen, as happened after parabiosis 
in the experiments mentioned a few pages earlier. 

The relatively slight effects produced by androgen on the ovan’ in birds and 
mammals in most of the experiments quoted can probabK' be explained by the 
advanced state of gonadal differentiation already reached when the androgenic 
treatment was begun. In the experiments of IMinoura ( iqa i ), Burns ( 1925, 192S), 
Witschi & IVIcCurdy (1929) and Wolff (1935), in which the treatment was begun 
before sexual differentiation of the gonads had been completed, the effects were 
more profound and somewhat different in character. 

It is difficult to get a perfectly clear understanding of the eifect of androgen on 
the undifferentiated gonads of lower vertebrates, because the different species do 
not appear to respond alike. Foote (1940) found that by adding testosterone pro- 
pionate to water containing larvae of Amblystoma maculatum, the testes in most of 
the males were converted into ovaries, a result which was caused also by oestrone 
or oestradiol propionate. Witschi (1942) applying the same treatment to larv^al 
frogs obtained the opposite effect; the gonads in. all the test animals treated with 
testosterone or androsterone developed as testes. 

(h) The action of androgen on the ovaries after their differentiation. Experi- 
ments reported by Selye (i 941 a) suggest that ovarian atrophy under the influence 
of androgen may be attributable not only to an inhibition of the formation of 
gonadotrophin as discussed on page 55, but to a direct inhibiton' influence on the 
ovary itself. From the 2nd day of life onward for a fortnight female rats were each 
given daily injections of i mg. of testosterone propionate ; one ovarv' was then 
removed from three of the animals. After this 100 i.u. of chorionic gonadotrophin 
were given daily for 6 days, the injections of testosterone propionate being con- 
tinued in some. All the animals were killed on the 7th day after the treatment 
with gonadotrophin had been begun. The average weights of the ovaries in the 
three groups at the end of the experiment were as follows: 

Ov^aries after treatment with testosterone only 6 mg. 

„ „ „ testosterone plus gonadotrophin iS mg. 

„ „ „ gonadotrophin only go mg. 

(c) The effects of androgen on the testicle. Androgens appear to have little 
direct effect on the testicle at any stage of its development. It may be that in 
early embryonic life they take a part in suppressing female rudiments existent at 
that time in the male gonad. The testes like the ovaries pass through a sexually 
indifferent stage when both medulla and cortex are represented. The cortex, 
which in the female will eventually form the germinal tissue of the ovary', 
disappears as a distinct structure at an early stage from the male gonad, and it 
may be that this change is effected partly or entirely by androgen. Evidence has 
been adduced already that the effects on the ovury are much more profound if 
androgens are supplied to the embrv'o before sexual differentiation of the gonad 
has occurred. The same may be true, perhaps, of their influence on the testicle; 
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however, there is little definite evidence that androgens bf direct action modify 
in any way the male gonad during the early stages of development. 

As to the indirect action of androgen on the testis by inhibiting the supply of 
gonadotrophin from the pituitary there can be no doubt; given in excess to young 
males androgens prevent the testes from attaining their full size and from 
arriving at the stage of spermatogenesis. The undersized immature testes that are 
the result do not descend into the scrotum, so long as the administration of 
androgen is continued; if they had already descended before treatment they may 
return into the abdomen provided that the inguinal passages remain patent as 
they do in many species — rats and mice for example. This phenomenon may be 
observed in young mice if androgens are given in sufficient amount soon after the 
testes have descended. In older mice the indirect action of androgen on the testes, 
through the pituitary, is not so quickly observed, and requires a longer period and 
perhaps larger doses of androgen for its production. 

Although androgens suppress the output of gonadotrophin they do not prevent 
the pituitary from acting synergistically with chorionic gonadotrophin, to which 
the testes will respond in spite of the continued administration of testosterone 
(Selye, (see p. 74). • 

Sex reversal. This term is sometimes used in describing the action of gonadal 
hormones. It is, of course, not applicable to a mere alteration of the outward 
manifestations of sex. But the sex may be regarded as reversed if the sexual 
character of the gonads has been changed, as when an ovary becomes a functional 
testis- Nevertheless in such an instance the genic constitution of the individual 
continues unaltered, so that an ovary which has been converted into a testis 
producing spermatozoa and is able to fertilize ova will fail to impart to them 
any genic constitution other than that with which it was originally endowed. 
Consequently the offspring will all be of one sex (Crew, 1921). In the complete 
sense of the term, therefore, it may be doubted whether sex reversal in vertebrates 
has been achieved in the laboratory. 

Accessory Generative Organs 

The Action of Androgen on the Development of the 
Accessory Generative Organs 

(i) The mullerian and zoolffian systems. We can regard the wolffian system as 
concerned with the male share in reproduction and the mullerian system with the 
female share. It will be .remembered that the epididymis, vas deferens and 
ejaculatory duct, together perhaps with the seminal vesicle, are derived from the 
wolffian system, while the oviduct and uterus are survivals of the miillerian 
system. In the normal adult male the mullerian structures have disappeared 
except for vestiges of the cranial and caudal ends, which are represented in man 
by the sessile hydatid of Morgagni and the uterus masculinus respectively. In 
the female the epoophoron persists as a surviving remnant of the cranial end of 
the wolffian duct and may be regarded as the homologue of the vasa efferentia 
testis and epididymis. As will be seen, the chief effect of androgen on these struc- 
tures is to preserve those which arise from the wolffian system and to bring about 
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their full developmeat. If enough androgen is available, this result will be pro- 
duced in females as well as in males. 

The effect of androgen on the naiillerian system is not so clearly defined, and 
it may be left an open question for the present whether the failure of mullerian 
structures to complete their development in the male is the consequence of a 
suppressive action of androgen or of a deficiency of oestrogen. Experimental 
results appear ambiguous on this point; in some instances the administration of 
androgen seems to have caused a persistence of naiillerian structures in the male, 
and in others to have suppressed them. In females the development of the ovi- 
ducts has been stimulated by androgen (Witschi& Fugo, 1940). 

In his essay on the freemartin Lillie (1917) showed that the anatomical pocu- 
liarities of this condition could be attributed to the influence on the female of 
hormones derived from the male twin, and it is interesting to note that John 
Hunter, more than a century earlier, had recorded that he could not find any 
oviducts in a freemartin ass which he dissected, although the horns of the uterus 
seemed normal. In two of three freemaitins which he examined vasa deferentia 
were present and were associated at their urethral ends with small seminal vesides ; 
in one casfeme mentions that the vasa deferentia communicated with the vagina 
near the opening of the urethra. 

Steinach (1916), noting the results of transplanting testes into spa3^d female 
guinea-pigs, concluded that the maintenance of the woIffian ducts depended upon 
the testis. Minoura (1921) came to the same conclusion. He grafted small pieces 
of testis on to the chorio-allantoic membrane of developing chicks betw^een the 
and and i6th days of incubation, and he noted in a nu mber of instances that the 
Wolffian ducts persisted in many of the females so treated, whereas controls 
grafted with pieces of other organs (liver, spleen, thyroid, thymus) did not show 
this persistence. Greenwood (1925) repeated these experiments with this dif- 
ference that the grafts were inserted on the 8th day of incubation. The chicks 
were removed from the egg-shells between the 14th and 17th day of incubation 
and examined. Among twenty female chicks in which the testis grafts had sur- 
vived no intersexual conditions were found. His results do not confirm those of 
Minoura; and he states that in untreated female chicks the wolffian ducts are still 
present at the time of hatching. Kemp (1925) also repeated Minoura’s experi- 
ment, inserting the testicular grafts between the 7th and loth day of incubation, 
and like Greenwood he failed to confirm Minoura’s work. In some of IMinoura’s 
experiments the grafts were inserted at an earlier stage of incubation and possibly 
this fact may account for some of the discrepancies. When this kind of experiment 
is being considered it must be remembered that exposure of an embryo to adverse 
circumstances at any particular stage of its existence is apt to interfere with the 
developmental processes which normally take place at that stage. VYillier S: Tuh 
(1929) found that if hens’ eggs were chilled on the 8th day of incubation, at which 
time differentiation of the wolffian and mullerian structures normally occurs, 
regression of the mlillerian ducts in males, or of the right iniillerian duct in 
females, was retarded or prevented. Even the appropriate differentiation of the 
gonads may be interfered with in this way, as Witschi showed by exposing 
5 -week-old larvae of Rana sylvatica to an abnormally high temperature. In these 
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were greatly enlarged; in females also testosterone propionate stimulated this 
growth of the miillerian structures. 

In further experiments Burns (1939*) found that testosterone propionate, 
given to lart^al axolotls when their gonads had already undergone some sexual 
differentiation, caused hypertrophy and differentiation of the wolfiian ducts in 
both sexes while the miillerian ducts were suppressed. In males and females the 
cloaca and its glandular derivatives were hypertrophied. 

An unexpected result of this kind of experiment has been reported by Wilder, 
Rawles & Koch (1938), who introduced various androgens, including testosterone, 
androsterone and dehydroandrosterone, into fowls’ eggs when they had been 
incubated for periods varying from 43 to 72 hours. The chicks were examined 
after 16, 17 or 18 days of incubation. In the females all the androgens used had 
a masculinizing effect, causing the right ovary to become enlarged by hyper- 
trophy of the medullary tissue and causing both gonads to resemble testes in 
shape. In the males testosterone and dehydroandrosterone caused persistence of 
the miillerian ducts throughout their whole length, and these were in some in- 
stances hypertrophied. The left testis contained ovarian tissue. These androgens, 
in fact, had acted as androgens on females but to some extent like oestrogens on 
males. 

Selye (1940c) has reported a curious change produced by androgen on the 
oviducts of newborn rats. To these he gave i mg. of testosterone propionate by 
intraperitoneal injection daily for a fortnight, after which the daily doses were 
increased to 3 mg. and were continued for another fortnight. The rats were then 
killed. The oviducts had been transformed into gelatinous masses, their texture 
resembling that of Wharton’s jelly. 

(ii) The seminal vesicles, prostate and coagulating glands, John Hunter 
believed that the penis, urethra and all parts connected with them, including the 
seminal vesicles, were dependent for their existence on the testes. He noted that 
the prostate became atrophic after castration and that the seminal vesicles in 
eunuchs were much diminished in size, whereas if one testis only were removed, 
the other being normal, no atrophy of the seminal vesicles would ensue. The first 
scientific confirmation of his views on the development of the accessory repro- 
ductive organs seems to be that of Lillie (1917). He noted, like Hunter, the pre- 
sence and persistence of wolfiian ducts (vasa deferentia) and seminal vesicles in 
the freeniartin, and showed that their existence in the female twin is attributable 
to testicular influence derived from the male twin with which the freemartin 
shared a common blood supply. 

Korenchevsky (1935) treated spayed rats for 3 weeks with androsterone and 
diol derwatives of androsterone ; and when dissecting the rats at the end of this 
period he found well-developed glands, which are not seen in the normal female 
rat, attached to the proximal end of the urethra at the base of the bladder. The 
largest of these glands was 6 X4*2X 2*2 mm. Further inquiry (Korenchevsky &: 
Dennison, 1936^) showed the presence of atrophic glandular vestiges in the same 
position in a considerable percentage of normal female rats. They concluded that 
these vestigial glands were the morphological counterparts of the male prostate. 
Under the influence of androsterone the vestiges in the female become hyper- 
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trophied and functioaally active, and intliis condition resemble histologically the 
prostate of the normal male. 

Greene & Ivy (1937) likewise found, in female rats whose mothers had been 
given testosterone during pregnancy, paired glandular structures attached to the 
proximal end of the urethra at the base of the bladder. They agree vdth Koren- 
chevsky in regarding these as representing the prostate of the male. Other glands 
resembling seminal vesicles were present also. Similar findings have been re- 
corded by Greene, Burrill & Ivy ( 1938 a, b) in the female offspring of rats which 
had been given androsterone during pregnancy (see also Price, 1939). 

In female mice whose mothers had been given 10 mg. of testosterone 7 days 
before parturition, besides epididymis, vas deferens, ejaculatory duct and colli- 
culus, Raynaud (1937^^, 1938^) was able to identify prostate, coagulating gland 
and seminal vesicle. Raynaud’s observations have been confirmed by Turner, 
Haffen & Struett (1939). Dantchakoff (1937 i) has made a similar obser\"ation in 
female guinea-pigs which had been treated during embryonic life by direct in- 
jection of testosterone into the ananiotic cavity between the 35th and 45th day of 
gestation. Burns (1939*2) has recorded the developmentof a prostate in the female 
opossum under the influence of testosterone propionate administered from the 
first day of birth. 

The male genital structures — epididymis, vas deferens, wolfiian duct, seminal 
vesicle — ^v^hich have been preserved in the female by giving androgens during 
development do not disappear after the administration of androgen has been 
stopped. They persist afterward, as Raynaud (1938 c) discovered, resembling the 
same atrophic organs in the castrated male. 

(iii) The vagina. Androgens, given to pregnant mice, rats and guinea-pigs, 
will affect the female young in utero so as to hinder the complete separation of the 
urethra from the vagina, in consequence of which the perineal part of the vagina 
fails to develop and the cranial segment opens into the urethra, either hy a single 
median opening or by two lateral apertures. This vaginal deformity has been 
produced experimentally by Dantchakoff (1938^), Greene & Ivy (1937) and 
others; and the writer has on many occasions observ^ed the phenomenon in rats 
and mice whose mothers had been given androgen toward the end of pregnancy. 
The malformation of the vagina thus produced by androgens is permanent and 
the animals so affected are apt to die when adult from pyometra. A similar 
absence of the perineal part of the vagina has been noted in freemartins (Lillie, 
1917) and is attributable in them also to an excessive supply of androgen during 
early embryonic life. Odd as it may appear this condition is normal in the female 
spotted hyaena [Hyaena crocuta), so that until puberty it is difficult to distinguish 
female from male. Matthews ( 1941), who has made a special study of the animal, 
says that her vagina opens into the urethra and has no external orifice of its cnvni. 
In the young of this species the clitoris is almost identical with the penis of the 
male, except that it is slightly smaller. The glans is free from the well-developed 
prepuce and is furnished with keratinous spines as in the male. At this stage the 
external urethral meatus is a slit only 2 to 3 mm. long. At puberty the whole 
clitoris enlarges and the meatus expands and extends down the ventral part of the 
clitoris so as to cause a moderate degree of hypospadias, the meatus attaining a 
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length of 1-5 cm. Copulation occurs by the urinary meatus and the young are 
born through the urethra, which becomes sufficiently dilated for the purpose. 
The newborn cubs are in a rather advanced state of development, being relatively 
large and able to walk ; their eyes are open and the incisor and canine teeth are 
already erupted. 

Investigation of the urine to discover the nature and relative amounts of 
gonadal hormones excreted during gestation in this animal might be of great 
interest. IVIatthews remarks that the ovaries of all the females he examined 
showed a high degree of luteinization, so that the greater part of the ovarian 
weight was attributable to lutein tissue. 

Premature opening of the vagina. Androgens given to young female rats and 
mice after birth show another effect, namely premature opening and keratiniza- 
tion of the vagina. This was first recorded by Butenandt & Kudszus (1935), who 
gave various androgens to rats varying in age from 18 to 25 days. Their results 
are shown in Table 91. 

Table 91. Keratinization and opening of the vagina in immature rats 
under the influence of androgens (Butenandt & Kudszus, 1935) 


Androgen 

Dose 

(mg.) 

Age at opening of vagina 
(days) 

Androstenedione 

6 

24—26 

D ehy droandrosterone 

6 

28-30 

Testosterone 

2*4 

27 

Androsterone 

6 

46-54 

Untreated controls 

— 

45-57 


This consequence of androgens, Avliich has been confirmed by Deanesly & 
Parkes (1936a), Nathanson, Eranseen & Sweeney (1938), Rubinstein, Abarbanel 
& Nader (1938), and others, was unexpected because these hormones do not 
cause vaginal keratinization in rats and mice after puberty (Warren, 1935). 



Chapter VIII. The Action of Androgen on the Reproductive Organs 
after their Complete Differentiation 

The Gonads 

Ovary and Testis. 

The writer has already discussed the action of androgens on individual organs 
before their complete differentiation. The purpose of this separation is to dis- 
tinguish between the early, often permanent, effects, and the usually transient, 
reversible effects which androgens induce at a later stage in the life of the repro- 
ductive organs. The distinction between the two groups is not quite logical, for 
there is no sharply defined boundary between them. Nevertheless, in connection 
with human pathology and treatment — ^which are in the mind of the tvriter 
throughout this essay — the distinction is important; and any overlapping of 
thought or repetition of narrative which the arrangement entails will, the writer 
hopes, be forgiven. 

For a long while after birth, and in some instances throughout life, the sexual 
characters have not assumed a fixed and final form, and some of the responses to 
androgen, even in late postnatal existence, are irreversible and permanent, or 
nearly so. 

I. The Ovary 

{a) Gonadotrophic action. The first effect of androgen on the ovary of the 
immature animal, and perhaps on that of the adult, is an acceleration of follicular 
maturation- A comparable initial effect is exercised by androgens on the testis as 
shown by a favourable influence on spermatogenesis (p. 198). 

Shapiro (1936) reported that ovulation could be induced in the clawed toad 
{Xenopus laevis) by various androgens as well as progesterone ; and adrenal cortical 
extract also had this effect. The reaction was obtained even though the pituitary 
had been previously removed. O\mlation was not obtained in Shapiro’s experi- 
ments with oestrogens ; the doses of these mentioned in his paper are very large 
— 10 mg. of oestrone and 8 mg. of oestradiol. Dantchakoff (1938 i) obseiv'ed the 
formation of multiple follicular cysts in the ovaries of young guinea-pigs which 
had been subjected to testosterone. The condition, she says, resembles that pro- 
duced by FRH, namely the simultaneous maturation of many follicles which, 
failing to rupture or to undergo luteinization, remain as cysts. Salmon (193SI?) 
gave single injections of i to 5 mg. of testosterone propionate or androsteiiediol 
in sesame oil to tw^elve female rats 17-30 days old. To six female rats of the same 
age he gave sesame oil only. Opening of the vagina within 72 hours occurred in 
all the rats treated with androgen, and their ovaries showed follicular maturation 
between 60 and 72 hours after injection, and corpora lutea between 96 and 192 
hours after injection. In the control rats, which had received sesame oil only, the 
vagina remained closed and the ovaries did not show evidence of stimulation. 
Nathanson, Franseen & Sweeney (193S) performed a similar experiment on rats 
with the same consequences. 
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Starkey & Leathern (1938) used 14S mice, keeping some as littermate controls. 
"W’^hen the mice were between 18 and 21 days old they were given single sub- 
cutaneous doses of 0*5, 1 , 1*5 or 2 mg. of testosterone propionate, and were killed 
48, 72, 96 or 120 hours later. Post-mortem examinations showed the folio-wing 
effects: 48 hours after the injection pronounced follicular activity was present, 
reaching a maximum at 72 hours; the uterus was hypertrophied, reaching its 
largest dimensions at 72 hours; mucification of the vagina was present at 96 
hours. Large follicles were still seen at 120 hours but there were no corpora 
lutea. These sequels were most pronounced after the largest doses and were least 
with the doses of 0-5 mg. 

The gonadotrophic effect as disclosed by the experiments just quoted seems to 
be exerted only upon the follicles. Selye (1939a) gave daily injections of 5 mg. of 
testosterone propionate to adult mice of the dha strain for 20 days, at the end of 
which period the ovaries, though smaller than those of controls, consisted of large 
follicles, follicular cysts and a few cystic corpora lutea; the interstitial tissue of the 
ovary was atrophied. In later experiments (1940^) he found that the atrophic 
influence of oestradiol on the ovary and the testis could be prevented to some 
extent by testosterone; an observation which might possibly be relevant to the 
present discussion. 

Aschheim & Varangot (1939) noted accelerated maturation of follicles in the 
ovaries of adult rats which had been given i mg. of testosterone propionate daily 
for varying periods. The ovaries were hyperaemic, and follicles in all stages of 
development were present with mitoses in the granulosa. The interstitial cells 
were atrophic and their nuclei displayed the ‘cartwheeT appearance charac- 
teristically present after hypophysectomy. As will become apparent as this dis- 
cussion proceeds, it is not easy to reconcile the foregoing evidence of an early and 
temporary follicle-stimulating effect of androgens, with other evidence which will 
be mentioned of an opposite effect. Perhaps the age of the animal, the duration 
of treatment or the size of the dose of androgen may affect the outcome of an 
experiment of this sort (v. p. 212). 

(b) Enlarge?nent and maintenance of corpora lutea. Several workers have 
noticed that androgens influence luteinization in the ovary. Korenchevsky, 
Dennison & Hall (1937) gave 0*5 and 1*5 mg. of testosterone propionate daily to 
rats for a period of 21 days. After the latter doses the ovaries were larger by 29 
per cent than those of untreated rats, and contained more numerous and larger 
corpora lutea (Table 92). 

Table 92. The effect on the rat’s ovary of brief treatment with testo- 
sterone propionate (Korenchevsky, Dennison & Hall, 1937) 



Duration of treatment 

Mean weiglit of ovaries 

Daily dose 

(days) 

(mg.) 

None (controls) 


75 

O'S mg. 

21 

74 

1*5 mg. 

21 

97 


McKeown & Zuckerman (1937) have reported the enhanced development of 
corpora lutea in rats treated with testosterone propionate given daily in doses of 
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0*2 mg. tor a period of 10 days, and Nelson Mcrckel ( 1937? have seen the same 
result in rats following daily injections of 2 mg. of testosterone. 

Wolfe & Hamilton (1937/;) showed that this effect of testosterone pfiipionate 
on the corpora I u tea is largely dependent on the phase of the oestroiis cycle during 
which, the injections of testosterone are ftrst given. Forty adult rats were given 
2 mg. of testosterone propionate daily for 10 days and were killed on the day after 
the last injection. Their oestral condition was ascertained by vaginal smears. The 
results showed that if the treatment was begun during dioestrus, little it any 
enlargement of the corpora lutea ensued, whereas considerable enlargement 
followed if the first injections vvere given during oestrus (Table 93). For com- 
parable results see Schilling Laqueur (1942). 

Table 93. The etiect of testosterone propionate on corpora lutea 
in the rat (Wolfe & Hamilton, 1937 i) 

Duration of Mean diameter of 

Phase of oestrous cycle when treatment corpora lutea 


treatment began (days) (mm.) 

No treatment (controls) — 0*93 

Oestrus 10 1*5 

Dioestrus 10 1*0 


Freed, Greenhill & Soskin (1938) believe that the kind of effect produced by 
androgen on the ovary may vary considerably with different doses. Normal adult 
female rats were given daily subcutaneous injections of testosterone propionate 
for 16 days; they were killed on the 17th day and the ovaries and uterus were 
weighed. The rats which had received i mg. daily showed signs of an increased 
luteinization ; their ovaries contained numerous large corpora lutea and proge- 
stational changes were present in the uterus. The rats which had received 0-05 
mg. per day had atrophic ovaries. Their results may be summarized as follows: 

Small doses of testosterone propionate caused ovarian atrophy, diminished 
output of oestrogen, anoestrus. 

Large doses of testosterone propionate caused large corpora lutea, diminished 
output of oestrogen, anoestrus. 

In both cases the production of FRH appeared to be prevented. The relative 
weights of ovaries and uterus in these rats are given in Table 94. The enlargement 
of the uterus after the bigger doses of testosterone is explained by the presence of 
progestational changes. 

Table 94. Relative effects of large and small doses of testosterone propionate on 
the rat’s ovaries and uterus (Freed, Greenhill Sc Soskin, 193S) 


Daily dose 

Number of 

Average weight of 
ovaries 

Average weight of 
uterus 

(nig.) 

rats 

(tog-) 

imgA 

I 

7 

5b 

570 

0* I 

8 

32 

29S 

0-05 

8 

24. 

262 

None 

6 

7+ 

370 


(c) Atrophy of the ovary. This is a constant effect of androgens when these 
are supplied in sufficient quantity and for a long enough time. Mazer &: Mazer 
(1939) gave 0*5 mg. of testosterone propionate to ten rats weighing between 30 

13 
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aiid 40 g.; they continued the injections 3 times a wek during a period of 102 
days, and killed the rats on the day after the last injection. They also treated 
twenty adult rats in the same way for 62 to 68 days. Oestrus was suppressed in 
all. The ovaries in both classes were much reduced in size, the development of 
follicles was arrested and corpora lutea were absent (Table 95). 

Table 95. The effect on the rat’s ovary of prolonged treatment with 
testosterone propionate (Mazer & Mazer, 1939) 


Eats used 

Treatment 

Number 

Duration of 
treatment 
(days) 

Mean 

body-weight 

fe.) 

Mean weight 
of ovaries 

(mg-) 

Infantile 

None 

8 

— 

149 

45 

Infantile 

Testosterone propionate 

10 

102 

145 

10 

Adult 

None 

6 

— 

175 

61 

Adult 

Testosterone propionate 

20 

62-68 

181 

20 


Groher (1938) gave daily an androgenic preparation testiglandoF) to lo-day- 
old mice, and noted a gradually increasing atrophy of the ovary with atresia of 
follicles. The same effects on the ovaries of adult guinea-pigs were noticed by 
Boling & Hamilton (1939) after daily injections of 4 mg. of testosterone propionate. 

[d) Arrest of ovulation. In contrast with the slightly stimulating action of 
androgen on the ovary, which has been mentioned earlier, are the more pro- 
nounced and more readily appreciated inhibitory actions. Among these appears 
to be the capacity to prevent the release of ova from ripe graafian follicles. 
Geist, Gaines & Salmon (1940) treated with testosterone propionate two women 
who had normal oestral cycles. One received 925 mg. during a period of 31 days, 
and the other received 1,225 during 1 5 days. Laparotomy at the end of these 
periods revealed that ovulation had not occurred in either individual, although 
it is supposed that o\nilation in women in normal circumstances occurs spontane- 
ously and almost with regularity. In some animals, as in man, rupture of follicles 
with discharge of ova spontaneously occurs when maturation is complete. In 
other species, including the rabbit, some extraneous stimulus is required to in- 
duce o\mlation. Mating has this effect and so, too, have several other sensory 
impulses, such as those provided, for example, by the presence at close quarters 
of a possible mate. These impulses lead to ovulation by causing the pituitary to 
release an additional amount of gonadotrophin into the blood stream; and ovula- 
tion may be induced in a rabbit at any time during its prolonged oestral state by 
injecting luteinizing gonadotrophin into an ear vein. We know that androgens 
check the output of LH from the pituitary, and it seems probable, therefore, that 
the inhibition of ovulation by androgen is effected by a withholding of LH. Gray 
& Lawson (1939) have produced experimental evidence bearing directly on this 
matter. Nine female rabbits were given intramuscular injections of 10 mg. of 
testosterone propionate daily for 22 days, and three rabbits were kept as untreated 
controls. At the end of this period urinary gonadotrophin was given intravenously 
to all the rabbits except three of those which were being treated with testosterone ; 
and 3 days later one tube and ovary were removed. Treatment with testosterone 
was continued. After an interval of 15 days from the injection of gonadotrophin 
the rabbits were killed, and as shown in Table 96 all those which had received 
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gonadotrophin showed ovulation whether they had received testosterone or not, 
whereas in the three which had been given, testosterone withiiiit gonadotrophin 
the ovaries showed no sign of activity. Testosterone, even in the presence of 
gonadotrophin, appears to have prevented the foriiiation of corpora lutea in these 
rabbits. 


TA.BLE96. The effect of testosterone propionate on ovulation in the rabbit with 
and without artificially administered gonadotrophin (Gray & Lawson. 1939) 

Ctinaiticin of ovarifs 


Number of 

T ostosterone p r«.i - 

G onadatroph in 

At laparotomy 

At 

rabbits 

pionate gi\ en 

gi\-en 

♦.Z5th da\‘ i 

i37th dayi 

6 

■r 

4* 

Multiple 

ovulations 

Alinute,, pale 
corpora lutea 

3 

+■ 

— 

Small, pale 
oA’aries 

Small, pale 
o\-aries 

3 

— 

-f 

Multiple 

owlations 

Large corpora 
lutea 


Burdick {1940) has produced evidence which suggests that the inhibition of 
ovulation by testosterone may not be an immediate effect in every^ s{>ecies, though 
the prolonged administration of androgen undoubtedly has this result. Among 
mice receiving 0-5 mg, of testosterone propionate daily several were seen by 
Burdick which had ovulated during the course of the injections, and the question 
arises whether in these instances o^xilation occurred because of or in spite of the 
injections. In a mouse which had been mated and then treated with testosterone 
propionate, four unicellular ova were found in the ovarian end of the oviduct on 
the 6th day. A similar result was seen in another mouse in the same circumstances. 
Apparently the mice had otnilated on the 5th or 6th day after mating. 

{e) Arrest of oestrus, Ihrke &: D'Amour {193 1) gave daily injections of 6 c.u. 
of an androgenic extract of bulls’ testes to normal female rats and noticed that 
oestrus was suspended throughout the period of this treatment. Normal cycles 
reappeared soon after the injections were withheld. Furthermore, they found that 
rats in persistent anoestrus caused by the injections of testis hormone came into 
oestrus within 2 or 3 days if gonadotrophin were given in addition to the testicular 
extract. IMoore & Price (1932) performed a similar experiment on rats with the 
same results. Robson (i936r) gave o*i mg. of testosterone twice daily by injection 
to mature mice having regular oestral cycles. During the 2 weeks in which this 
treatment was continued the mice remained in anoestrus; and when the injections 
were stopped oestrus was resumed. No mating occurred during the period of 
dioestrus. 

( /') Arrest of menstruation. Because they arrest oestrous cycles it is not sur- 
prising that androgens given to primates will prevent menstruation. Zuckernian 
(1937a) found that 25 mg. of testosterone propionate given tAvice a week to 
normal mature rhesus monkeys stopped the oestrous cycles for as long as the 
treatment was continued. The reproductive system wtis not permanently dis- 
ordered in these monkeys and menstruation restarted AV'hen the injections tvere 
withheld. Papanicolaou, Ripley & Shorr (193 8) gave intramuscular injections of 
50 mg- testosterone propionate every other day to a girl of iS with the conse- 
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quence that menstruation was arrested ; it was resumed 28 days after the last in- 
jection. Loeser (1938) and others hare recorded the arrest of menstruation in 
women under treatment with testosterone propionate. 

That the effects of testosterone on the ovaries and on oestrus are largely in- 
direct and attributable to arrest of the output of gonadotrophin from the pituitary 
has already been pointed out (p. 113). 

{g) Formation of ovarian cysts. The presence of follicular cysts, as reported 
by Dantchakoff (1938^) and Selye (1939^), following the administration of 
androgens has been quoted (pp, 191, 192). Champy (1937) has seen a different 
kind of ovarian cyst in guinea-pigs which had been given injections of ‘ lipoides 
testiculaires’. These cysts, he says, are formed by invaginations of the germinal 
epithelium to form mucoid cysts in which papillomata may develop. The same 
condition, he says, may be produced by oestrone. 

Simple ovarian cysts lined by flat cells and derived apparently from follicles 
have not been uncommon among mice treated by the writer for prolonged periods 
with testosterone. 

Korenchevsky & Hall (1940) have mentioned the presence of numerous ovarian 
cysts in the ovaries of rats which had been treated by them with testosterone and 
oestradiol at the same time. 

IL The Testis 

{a) Atrophy and arrest of spermatogenesis. The most obvious effect of an ex- 
cessive supply of androgen on the testicle in postnatal life is atrophy. Moore 
(1930), in calling attention to this effect, attributed it to a reduction in the output 
of gonadotrophin from the pituitary, and this explanation is generally accepted. 
The injury inflicted is grossly manifested by a reduction in the size of the testes ; 
at the same time the accessory reproductive organs are hypertrophied through 
the direct action on them of the excess of androgen (Table in). This double 
effect, together with a comparison of the potencies of different androgens, is 
shown by an experiment of Bottonciley & Folley (1938 a). They daily injected 
2 mg. of various androgens dissolved in sesame oil into immature male guinea- 
pigs weighing about 175 g. for a period of 30 days. Controls were given injections 
of sesame oil alone. At the end of the treatment the animals were killed and their 
organs weighed. The results almost consistently showed a reduced weight of the 
testes and an increased weight of the seminal vesicles and prostate under the 
influence of androgens (Table 97). It may be noted that the table reveals no 

Table 97. The effects of various androgens on the testes and accessory 
generative organs of immature guinea-pigs (Bottomley & Folley, 1938 a) 

Weights of organs 

(expressed as mg. per 1 00 g. of bodyweight) 



Testes 

Seminal vesicles 

Prostate 

Sesame oil 

279*9 

100-9 

49*7 

An drostenedione 

88*9 

i 54‘8 

1 17*4 

Androsterone 

i93‘3 

142-4 

68*6 

traml> ehydroandros terone 

258*4 

142-2 

7I-3 

Dihydrotestosterone 

49-9 

204-4 

100*8 

1 7-Methyltestosterone 

45’2 

237*3 

136*4 

Testosterone propionate 

74-9 

306-7 

99*1 
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strict correlation between tlie effects on the testes and those on tlic seminal 
vesicles and prostate. 

Experiment seems to show that androgens impede testicular function most 
readily in the young. Aloore & Price (1932), using an androgenic extract of bulls’ 
testes, found that the daily administration of 6 c.u. for 20 days caused little or no 
change in the testicles of adult rats; in young rats between 34 and 54 days old the 
same treatment caused arrest of spermatogenesis, degeneration of the germinal 
epithelium and a reduction in the size of the testes. Moore ^ Price (1937) 
repeated the experiment using androsterone instead of testicular extract and again 
they" found that the deleterious effect of the injections on the rats’ testes depended 
largely on the age of the rat at the time of treatment. Daily injections of aiidro- 
sterone varying from 0*25 to 6*o mg. given for 20 days to immature rats caused a 
large reduction in the weights of their testes as compared with those of untreated 
controls, whereas daily doses of 6 mg. given to adult rats for the same period had 
no clearly adverse effect on the testes. A similar differential effect on the testes of 
young and old rats respectively was produced by testosterone propionate (IMoore 
& Price, 1938). 

The atrophic effect of androgens on the testis, however, is not confined to im- 
mature animals, although more readily produced in them. This was shown by 
Korenchevsky & Hall (1939), who gave daily doses of androgen to old rats. The 
androgens used were androsterone, dehydroandrosterone, testosterone and testo- 
sterone propionate. All these preparations, which were given in doses of 075 to 
7*5 mg. daily, caused a reduced weight of the testes. 

As already mentioned the inhibitory action of an excess of androgens on the 
functions of the testes has been attributed to the capacity which androgens pos- 
sess for curtailing the supply of gonadotrophin from the pituitan". This effect has 
been demonstrated by an experiment performed by Bottomley & Folley (1938&), 
in which they found that the testicular atrophy which ordinarily follows the ad- 
ministration of androgen in excess can be prevented by’ giving gonadotrophin at 
the same time. To one group of guinea-pigs they gave daily doses of androgen 
alone, and to another group they gave similar doses of androgen together with 
gonadotrophin. After 32 days of this treatment the testicles were atrophic in 
the guinea-pigs which had been treated with androgen alone, but were not 
atrophic in those which had received simultaneous doses of gonadotrophin 
(Table 98). 

Table 98. Prevention by’ gonadotrophin of testicular atrophy in the 
guinea-pig under the influence of androgen (Bottomley & Folley, 1938^) 

Mean wt'icht of testts 
Duration Number of ut tnd of ex,porinient 
Daily treatment (days) guinea-pigs i ) 

2 ing. Testosterone propionate 32 5 247-0 

2 mg. Testosterone propionate 32 5 1,581-8 

plus Gonadotrophia 

It will be understood that the atrophic changes caused in the testes by androgen 
are not permanent; they last only so long as the excessive supply of androgen 
continues. 
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In this sort of experiment it has to be remembered that androgens prevent 
descent of the testes in young animals, and in older animals may lead to their 
retraction within the abdomen; and, as is well knowm, the mere retention of a 
testis within the abdomen will cause a destruction of the seminal epithelium and 
a considerable reduction in the size of the testis. 

[b) Gonadotrophic action of androgen. Inhibition of the gonadotrophic activity 
of the pituitary with consequent gonadal atrophy and arrest of spermatogenesis 
is not the only effect which androgens have on the testis. Their immediate and 
direct action appears to be gonadotrophic, that is to say they cause at first an 
increase in the size and functional activity of the testes. As already shown they 
have a comparable effect on the ovaries. Several experimenters have observed 
that if androgens are given to an animal when its pituitary is removed, spermato- 
genesis and the formation of motile spermatozoa will be maintained for a while, 
which does not happen after hypophysectomy unaccompanied by the admini- 
stration of androgen. From such experiments it appears that androgens exert a 
gonadotrophic influence only during the period which immediately follows re- 
moval of the pituitary; they fail to restore functional activity if a long enough time 
has elapsed after hypophysectomy to allow atrophy of the testis to become esta- 
blished. This gonadotrophic action appears to be exercised only on the spermato- 
genic functions of the testicle ; the interstitial glandular cells are unaffected and 
undergo atrophy after removal of the pituitary whether androgens are or are not 
given. 

Walsh, Cuyler & McCullagh (1933, 1934) removed the pituitaries of rats and 
noted that atrophy of the gonads followed, being almost complete at the end of 
20 days. Daily injections of 9 c.u. of androsterone prevented this atrophy so that 
after 20 days the gonads could not be distinguished from those of a normal rat. 
Nelson & Gallagher (1936) confirmed this result and showed that normal sperma- 
togenesis could be maintained in the hypophysectomized rat for as long as 40 days 
by the daily administration of androsterone (Table 99). Males treated in this 
manner, they say, have sired normal litters, though the degenerative changes in 
the interstitial cells consequent on hypophysectomy were not prevented by the 
administration of androsterone. 

Ta.ble 99. The effect of daily doses of androsterone in maintaining spermato- 
genesis in rats after hypophysectomy (Nelson & Gallagher, 1936) 

Duration of 


Condition 

Daily dose of 
androsterone 
(c.u.) 

observation after 
hypophysectomy 
(days) 

-Average weight of 
testes 
(nig.) 

Motility of 
sperm 

Untreated controls 

0 

— 

2,432 

Good 

Hypophysectomized 

0 

22 

517 

No sperm 

Hypophysectomized 

10 

22 

8 or 

Fair 

Hj’pophysectomized 

14 

22 

1,031 

Good 

Hypophysectomized 

20 

22 

1,609 

Good 

Hypophysectomized 

20 

40 

1,586 

Good 

Hypophysectomized 

0 

40 

423 

No sperm 


Nelson & Merckel obtained comparable results in rats (1937) mice 

(1938). They removed the pituitaries of adult mice and then injected 8y of various 
androgens daily for 20 days, beginning on the 2nd day after the operation. The 
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mice were then killed, and their organs were weighed and examined (Tables icx>, 
1 01), Atrophy of the seminal epithelium had been prevented by the androgens, 
though these had not prevented atrophy of the interstitial cells. 

Table ido. The effects of androgens on spermatogenesis in 
hypopliysectoinized mice (Nelson & Merckel, 193S) 

OrLnin 




Seminal 


Sperm 

Treatment 

Testes 

vesicles i fall? 

Prostate 

niotiliw 

Kone 

2 1 1 

-43 

4S 

* 

Hypophysectomy only 

31 

17 

iz 

spemi 

Hypophysectomy plus Androstanedione 

19S 

I4«) 

41 


Hypophysectomy plus Androstanediol 

175 



.... 

Hypophysectomy plus Testosterone 
propionate 

1 6S 

579 


— 


Table ioi . The effects of androgens on spermatogenesis in the 
hypophysectomized rat (Nelson & Alerckel, 1937) 

Weights of organs in mg. 


Treatment 

Androgen 

Daily 

dose 

(mg.) 

Seminal 

vesicles 

Pro- 

state 

Testes 

Presence of 
spermato- 
genesis 

None 

None 

, 

963 

295 

2,432 

4“ 

Hypophysectomy 

None 


54 

527 


Hypophysectomy 

T estosterone 

I 

iii5 

472 

L243 

-r 

H^’pophysectomy 

Androsterone 

I 


277 

1.785 

-t- 

Hypop hy sectomy 

Dehydroandrosterone 

I 

627 

276 

1,789 

4- 

Hypophysectomy 

Androstanedione 

1 

1.297 

415 

2,117 


Hypophysectomy 

ewAndrostenediol 

I 

497 

215 

1,790 

-r 


. The experiments on rats showed that the capacity of the various compounds for 
maintaining the size of the testis and its spermatogenic functions after hypophy- 
sectomy was not related to their androgenic activity as determined by their 
actions on the prostate and seminal vesicles, for, among the androgens used 
testosterone had about the weakest influence in preserving the weight of the 
testis and spermatogenesis (Table 102). 


Table 102. Relative capacities of different androgens for maintaining 
spermatogenesis in the hypophysectomized rat (Nelson &: I\Ierckel, 1937) 


(The numbers indicate the relative androgenic values of the substances tested) 


Androgen 

Testosterone 
Androstanedione 
Androstenedione 
Androsterone 
Dehydroandrosterone 
cisrAndrostenediol 
An drosten ediol 


Androgenic potency as sho^vn by 
maintenance of accessoiy reproduc- 
tive organs after hypophysectomy 


I 

z 

3 

4 

5 

6 

7 


Capaciw to maintain 
spermatogenesis after 
hypophysectomy 
6 


4 

3 


Gaarenstroom & Freud (1938) reniov’ed the pitiiitarics from seventeen adult 
rats and thereafter gave them daily subcutaneous injections of o-6 mg. of testo- 
sterone propionate. Under this treatment atrophy of the testes did not occur and 
spermatogenesis was maintained. They suggest that pituitary^ gonadotrophin may 
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perhaps act only upon the interstitial glandular tissue of the testis and that a 
secondary hormone is required to stimulate mitogenesis in the tubular epithelium. 

Hamilton & Leonard (1938) made a still more extended inquiry. They removed 
the pitiiitaries from forty-one rats weighing between iro and 150 g. and at the 
same time manipulated one of the testes of each rat into the abdomen and took 
steps to prevent its redescent. The rats were divided into two groups. The rats of 
one group received 0* 5 mg. of testosterone propionate each day, the others being 
kept as untreated controls. At periods varying from 13 to 44 days after the 
operation the rats were killed and their testes examined. It was found that not 
only the scrotal testes but the cryptorchid testes also had to some degree main- 
tained their weight under the influence of testosterone (Table 103). 

Table 103. The effect of testosterone propionate on the cryptorchid testes 
of rats after hypophysectomy (Hamilton & Leonard, 1938) 

A.verage weights of testes 


Treatment Position of testes (mg.) 

Testosterone propionate (0*5 mg. daily) Scrotal 620 

None Scrotal 320 

Testosterone propionate (0-5 mg. daily) Abdominal xSa 

None Abdominal 126-5 


Hamilton & Leonard found that if the treatment with testosterone was not 
begun until an. interval of 9 or more days had elapsed after h57pophysectomy, 
spermatogenesis was not renewed. 

Cutuly, McCullagh & Cutuly (1937(2) removed the pituitaries from a series of 
adult male rats of the same strain, and again found that by injecting androgen 
spermatogenesis could be maintained although atrophy of the interstitial cells 
was not prevented. Androsterone or testosterone in daily doses of i -5 mg. caused 
complete maintenance of most of the tubules, so that at the end of 18 days they 
still contained intact seminal epithelium and spermatozoa, although varying de- 
grees of damage could be seen in all the testes examined. It was noted parti- 
cularly that the testes remained in the scrota, which had not become atrophied. 
In rats after hypophysectomy, unless some androgen is given, the scrota shrink 
and the testes recede into the abdomen, and Cutuly and his colleagues believe 
that the action of androgen in maintaining spermatogenesis after removal of the 
pituitary is largely the result of keeping the testes in the scrotum. They are of 
opinion that spermatogenesis in the rat is, to some extent at least, independent of 
any direct hormonal stimulation. Some of their results are shown in Table 104. 


Table 104. The effects of androgens on the testes and accessory generative 
organs of rats after hypophysectomy (Cutuly, McCullagh & Cutuly, 1937(2) 





Weights 0 

f organs in mg. 


Surgical 

Homnone 


Seminal 

Ventral 

Coagulating 

treatment 

(i '5 mg. daily) 

Testes 

vesicles 

prostate 

gland 

Hypophysectomy 

Androsterone 

1,570 

431 

239 

139 

Hypophysectomy 

None 

540 

96 

34 

42 

None 

None 

2,410 

74-5 

325 

185 

Hypophysectomy 

Testosterone 

1,370 

qo6 

251 

144 

Hypophysectomy 

None 

560 

6s 

25 

38 

None 

None 

2,320 

668 

331 

148 
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Clui (1940) experimented with pigeons and found that whereas testosterone 
caused atrophy of the testes and arrested spermatogenesis in adult nt^rmal birds 
it had an opposite effect after hypaphysectomy, for in this condition it maintained 
spermatogenesis and to some degree the weight of the testes; though these were 
reduced in size they were more than 5 times as heavy' as those of hypophy- 
sectomized controls which had received no androgen. 

Wells (1936^) demonstrated the gonadotrophic action of androsterone by 
giving the hormone to immature ground squirrels or to adult squirrels at a period 
of the year ( 18 August to 6 Novemher) when they are not sexually active. He gave 
1*5 mg. of androsterone daily by subcutaneous injection during 20 to 31 days to 
thirteen immature and three adult squirrels. Examination on the day after the last 
injection revealed that precocious spermatogenesis had been induced in both the 
immature and non -rutting adults. Moore (i 937), also, has reported that androgen 
will cause an increase in the size of the testes of ground squirrels if given during 
a period when in normal circumstances these organs are quite inactive. 

Alaintenance of spermatogenesis by androgen after hypophysectomy has been 
observed in other species than those already mentioned, namely the rabbit 
(Creep, 1939) and guinea-pig (Cutuly, 1941). 

The gonadotrophic action of androgen in men whose pituitary functions are 
impaired has been noted by many clinicians. Hamilton (1937) reported the case 
of a patient aged 27 who had the characters produced by castration in childhood, 
including a high-pitched voice, wide hips, female distribution of hair, a penis 
only 2’5 cm. long with incomplete separation of the prepvuce from the glans. The 
scrotum was flat and the testes impalpable. He was given subcutaneous and 
intramuscular doses of testosterone acetate 3 times a week until a total of 550 mg. 
had been given. Later he was given 20 mg. of testosterone propionate twice a 
week. LTnder this treatment the scrotum became enlarged and pigmented, and 
within it both the testes became enlarged and palpable. Test k Howard (1938), 
Villaret, Justin-Besan9on & Rubens-Duv^al (1938) and Spence (1940) hav^e also 
recorded an increase in the size of the testicles in hypogonadal subjects under 
treatment with androgen. A possible accessory cause of this androgen-induced 
testicular enlargement, apart from hypertrophy and multiplication of cells, may 
be oedema of the organ or what has been described as such (p. 204). 

When considering these ‘gonadotrophic’ effects of androgen in subjects who 
have heen deprived of their pituitaries or whose pituitaries are not in full activity, 
the suggestion made by Cutuly and his colleagues that the effect may he explained 
partly by the action of androgen on the scrotum must be borne in mind. Xever- 
theless, such action cannot be regarded as a complete explanation of the results, 
for these have been noticed, as already mentioned, in rats with testes rendered 
crvpt orchid by artificial means (Hamilton & Leonard, 1938) and in pigeons whose 
testes are permanently in the abdomen (Chu, 1940); moreover, in some of the 
examples which have been observed in man the testicles, though atrophic, were 
already in the scrotum before the administration of androgen was begun. Again 
as Nelson and his colleagues have show^n, the capacity of different androgens to 
maintain spermatogenesis after hypophysectomy is not proportional to their 
potency as measured by their action on the accessory reproductive organs. 
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Selye (1940^) states that the testicular and ov^arian atrophy, which ordinarily 
follows the administration of oestradiol through its effect in checking the supply 
of gonadotrophin, may be prevented to some degree by testosterone. This effect, 
it seems, might also be attributed to a gonadotrophic effect exercised by the 
androgen. 

Androgen has been found to stimulate spermatogenesis in fish. Bullough 
(1942 <2) reported that when given to minnows (Pkoxinus laevis L.) after the spawn- 
ing season testosterone propionate may cause abundant mitosis in the seminal 
epithelium with a copious production of spermatozoa. 

(r) Sperm motility. This appears to depend upon the secretions of the 
accessory genital glands (Walker, 1910), and as these depend upon a supply of 
androgen, the motility of spermatozoa also depends on such a supply. This fact 
has been used as the base of a delicate test for androgen (Moore & Gallagher, 
1930^). Guinea-pigs are used, their testes having been removed after isolation 
of the epididymis which is left in the scrotum. 

{d) Descent of the testes. Before considering the effect of androgen on the 
descent of the testes into the scrotum it may be helpful to take a general survey 
of the matter first. 

The descent of the testis may be regarded as consisting of two stages: (i) the 
transit from its original site near the kidney to the abdominal opening of the 
inguinal canal, and (2) its passage along the inguinal canal to the scrotum. 

The first stage of the movement is not yet understood well enough for 
discussion. Investigating the second stage Engle (1932 &) experimented with 
immature macaques. In these monkeys, when weighing between 2,500 and 
4,400 g., the testes lie in the upper part of the inguinal canal. The internal ring 
at this age is closed and so the testes cannot be retracted into the abdomen. They 
can be moved a short distance along the inguinal canal but cannot be forced into 
the scrotum. When the monkeys were treated with pituitary or chorionic 
gonadotrophic extracts the testes gradually enlarged until at the end of 3 or 4 
weeks they had doubled in size. While they enlarged they also became more 
mobile, so that they could be moved a further distance along the inguinal canal, 
and after 14 days of treatment they had reached the level of the base of the penis 
or the upper end of the scrotum, which by this time had increased in volume. 
As the treatment continued so did the progress of the testes, until they occupied 
the scrotum. Engle noted that chorionic gonadotrophic extract was more active 
in causing these changes than were pituitary extracts. Zondek (1935) gave daily 
injections of chorionic gonadotrophin to immature rats for 8 to 14 days and noted 
that the testes increased in size and descended into prematurely enlarged scrota, 
the accessory reproductive glands being also precociously well developed. The 
changes of weight induced in the testes and accessory genital glands, including 
the prostate, seminal vesicle and coagulating gland, are shown in Table 105. 

Moore & Price (1932) gave gonadotrophin to immature rats and observed that, 
though spermatogenesis was not expedited, there was an increase rangingfrom 
30 to 90 per cent in the weight of the testes and of 2,076 to 5,000 per cent in the 
weight of the seminal vesicles. Baker & Johnson (1936) gave daily injections of 
5 r.u. of prolan to twelve ground squirrels at a time of the year when these animals 
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are sexually inactive. These injections caused enlargement and partial descent of 
the testes- Spermatogenesis was induced in all, and the seminal vesicles, prostate 
and Cowper’s glands enlarged and began to produce secretion. 

Table 105. Increased weights of testes and accessory’ genital glands 
induced by gonadotrophin in immature rats (Zondek, 1935) 

Daily dose of A lean weight of Mean weight of accessory 

ffonadotrophia testes genital glands 

(r.u.) (mg.) fmg.i 

0 (controls) 355 470 

100 3t)0 iji40 

1,000 605 1,170 

Creep, Fevold Sc Hisaw (1936; see also Creep, 1937) compared the effects on 
hypophysectomized rats of two gonadotrophic extracts, one of which consisted 
mainly of FRH and the other of LH. FRH caused an increase in weight of the 
testis and proliferation of the tubular epithelium but failed to induce any change 
in the interstitial testicular tissue or the accessory organs, LH also caused enlarge- 
ment of the testes but did not cause proliferation of the tubular epithelium ; it 
caused a pronounced increase of the interstitial cells and enlargement of the 
scrotum and accessory reproductive glands. Both FRH and LH caused descent 
of the testis, though the latter was the more influential in this respect. The effect 
of gonadotrophin on the testis and its descent into the scrotum has been demon- 
strated in another way by Cutuly & Cutuly (1938). Rats weighing between 50 
and 150 g. were joined in parabiosis and one of each pair was hypophysectomized. 
This was followed in the rat whose pituitary had been removed by atrophy of the 
testes and their retraction into the abdomen. If now’ the normal partner tvere 
castrated so as to increase the gonadotrophic output of his pituitar}*, the testes 
and entire genital tract of the hypophysectomized rat gradually resumed a normal 
condition, the scrotum expanded and the testes descended. 

These various experiments show that gonadotrophins cause descent of the 
testes into the scrotum; they also show that this descent is preceded by an in- 
crease in the size of the testes, an increased output of androgen by them and a 
consequent enlargement of the accessory genital structures including the scrotum. 

A deprival of gonadotrophin by hypophysectomy leads to a reversal of these 
phenomena: the accessory reproductive organs become atrophic, the testes 
shrink, become flabby and, in animals in which this is a mechanical possibility, 
are retracted into the abdomen. 

The size and consistency of the testis as factors in its descent. When gonado- 
trophins are lacking the testes become flat, flabby and much reduced in size; 
with a good supply of these hormones the testes enlarge and become rounded and 
Arm, and their size and consistence perhaps may be contributory factors in the 
descent into the scrotum. Martins (1939) opened the tunica albuginea of rats 
weighing between 150 and 200 g., removed the testicular contents and replaced 
them by paraffin models of about the same size and shape as normal testes. The 
artificial testes were then returned to the scrotum. In five rats treated in this way 
the pellets remained within the tunica albuginea. Between 4 and 5 weeks after 
the operation the artificial testes lay either in a suprascrotal position in the canal 
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or in the abdomen and they could not be manipulated into the scrotum by 
abdominal compression. Two of these rats, which had been operated on n 
months before, vTere given 5 mg. of testosterone propionate in r c.c. of oil, the 
dose being repeated at the end of 5 days. On the loth day three of the four 
artificial testes had descended fully into the scrotum. The fourth was prevented 
from descending by adhesions. The experiments suggest that androgen, by causing 
enlargement of the scrotum and spermatic cord, and perhaps of the canal also, 
plays an active part in descent of the testes. 

Rost (1933) likens the progress of the testis along the infundibular canal to the 
motion of a cherry stone projected by squeezing it between the thumb and finger, 
a propulsion which cannot be imparted in the same way to a soft flabby body. 
However, the testes are not turgid in all species at the time of their transit into 
the scrotum; in the rabbit they are small, soft and flabby at the time of their 
descent. 

An extended search by the writer has not discovered any of the abdominal 
viscera herniated into the scrotum in mice unless they have been treated with 
oestrogen, although the relative dimensions of the structures and the passage-way 
to the scrotum in the dead body seem to offer no mechanical hindrance to their 
travelling in that direction. In the living animal, even when deeply anaesthetized, 
attempts by the writer to manipulate abdominal viscera into the scrotum have 
failed. 

The writer at one time thought that perhaps some substance might diffuse 
from the testis and cause a relaxation of the cremaster muscle in its immediate 
neighbourhood, but he found that such a hypothesis, though attractive, is not 
supported by experimental tests (Burrows, 1934^, 1936^); and it appears to be 
eliminated by the experiments of Martins with artificial testes made of paraffin. 
In connection with the size and consistence of the testis in relation with its 
descent into the scrotum there is a factor to which perhaps insufficient attention 
has been given in the past. As observ^ed in the mouse or rat the undescended testes 
of the immature animal enlarge as puberty approaches. This enlargement is 
partly due to hypertrophy of the seminal epithelium and an increase in the 
calibre of the seminal tubules; an additional cause is the collection of fluid in the 
intertubular spaces. The latter phenomenon has been investigated by Van Os 
(1936), who describes the fluid as a homogeneous substance which is stained pink 
with eosin, purple with Dominici stain, yellow with van Gieson, usually blue but 
sometimes red with Mallory, and violet with Weigert’s fibrin stain. It appears, 
he says, to be a fluid containing coagulated protein. He has noticed this inter- 
stitial fluid in the testes of rats, mice, guinea-pigs and rabbits. Indeed it is per- 
haps the most striking difference between the retained testes of early post-natal 
life in these animals and the mature organ after its descent into the scrotum. The 
fluid begins to collect in the mouse and rat before descent occurs and it seems to 
the writer that it may be an example of the local retention of water such as occurs, 
sometimes to a pronounced degree, in other organs of the body under the in- 
fluence of gonadal hormones. To some extent it may be responsible for the en- 
largement of the testes which has been noticed by Spence (1940) and others in 
hypogonadal human patients who have been treated with androgen. 
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The influence of androgen in descent of the testis, A sufficiently well-developed 
inguinal canal and scrotum and a long enough spermatic cord are clearly essential 
conditions for the descent of the testis. They result from the action of androgen, 
and this may account for the fact that in some circumstances the artificial ad- 
ministration of androgen will assist testicular descent. 

(a) Descent of the testis assisted by androgen. Cutuly, IMcCulIagh & Cumly 
(1937a) observ^ed that daily doses of androsterone or testosterone prevented, in 
the rat, shrinkage of the scrotum and recession of the testes into the abdomen 
after hypophysectomy, Hamilton (19386) discovered that premature descent of 
the testes could he induced in the rhesus monkey by testosterone. In this monkey 
{Macaciis rhesus) the testes, he states, are in the scrotum at birth, shortly after 
which they return to the abdomen, where they remain until the onset of sexual 
maturity at the age of or 5 years, when they again occupy the scrotum. Daily 
injections of 5 mg. or more of testosterone propionate caused descent of the 
testes in immature rhesus monkeys on about the 15th day of treatment. Enlarge- 
ment of the accessory organs preceded descent of the testes which, having 
reached the scrotum, remained there. 

Martins’ (1939) experiment, in wffiich artificial testes made of paraffin were 
caused to descend into the scrota by testosterone propionate, is another illustra- 
tion of the part taken by androgen in descent of the testes. Some obsen^ations 
by Biddulph (1939) are of interest here. He gave 27 of testosterone propionate 
daily to rats from the day of birth till they were 31 days old, to other rats he gave 
daily doses of icy in the same conditions, and control rats received no androgen. 
He noted that in the animals which had been under the influence of the smaller 
doses of testosterone the testes descended sooner than in the untreated controls, 
and that the larger doses of testosterone delayed testicular descent. He further 
noted that the development of the scrotum was more advanced in the rats which 
had received the smaller doses of androgen. Hypothetically such results might 
be explained on the supposition that the output of gonadotrophin by the pituitary 
was not inhibited in proportion to the diflFerent dosages. 

The results of these experiments seem to he of significance for human therapy. 
In the treatment of boys for non-descent of the testis gonadotrophin, especially 
that prepared from pregnancy urine, has usually been employed. It may be that 
the addition of androgen in small doses would be beneficial in some of these 
cases by ensuring an increased development of the structures concerned. It is 
conceivable that occasionally the testes, because of their long retention in the 
abdomen or inguinal canal, or for other reasons, are unable to produce enough 
androgen in response to gonadotrophic stimulation. Commonly an increased 
development of the external genitalia provides evidence of a sufficient androgenic 
influence on boys who are treated with gonadotrophin for incomplete descent of 
the testis. 

(h) Arrest of testicular descent by androgen. The more usual result of giving 
androgen to young animals is atrophy of the testes with an arrest of their 
descent. This effect, which has been recorded byCutulySc Cutuly (1938), Burns 
(1939 <2)aiid Burrows (i 9390), is common to all the gonadal hormones — androgens, 
oestrogens and progesterone alike — and may be attributed to the fact that all 
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these hormones inhibit the supply of gonadotrophin from the pituitary and so 
lead to atrophy of the testes (Cutuh’- &: Cutuly, r 938). 

To sum up, we may say that the conditions usually required for descent of the 
testis through the inguinal canal to the scrotum seem to be (i) a testicle which is 
large and firm enough, (2) a canal and scrotum sufficiently yielding and volu- 
minous to permit the passage and reception of the organ, (3) a spermatic cord the 
length of which will allow the testis to reach the scrotum. Condition (i) is in- 
duced by gonadotrophin and perhaps to some extent by androgen, conditions (2) 
and (3) depend on androgen produced by the testis itself in response to stimula- 
tion by gonadotrophin. 

The gubernaculum probably plays little part other than that of a guide in the 
absence of which the testis may miss its correct destination. The writer (Burrows, 
1936c) divided the gubernacula in mice and pressed the testes into the abdomen. 
The absence of gubernacula did not prevent the displaced testes from descending, 
but they occasionally found their way into the wrong compartment of the 
scrotum. 

Once they have reached the scrotum an additional factor in retaining the testes 
there is the cooler temperature to which they are subjected in this situation. 
A lowered temperature encourages spermatogenesis (Moore, 1924, 1935^) and 
causes an increase in the volume, consistence and weight of both testis and 
epididymis (p. 161). 



Chapter IX. The Action of Androgen on the 
Accessory General he Organs 


Uterus. Vagba. Oviducts. Prostate and coagulating gland. Seminal \esick\ Yas dcfiTens. 
■Epididymis. Epoophoron. Cowper’s gland. Preputial gland. Scrotum . Perineum. Penis. 
Clitoris. Nipples and mammae. 

The Uterus 

(g) The stromiL The first effect of on the uterus seems to be 

oedema, the result in this respect resembling that produced by oestrogen. The 
response occurs swiftly; Greene & Harris {1940) found a considerable increase in 
weight of the infantile rat’s uterus within 6 hours of a suhcutaneous injection of 
1*5 mg. of dehydroandrosterone. 

Several observers have reported hypertrophy of the uterine muscuh^fibrom 
stroma under the influence of androgen. The reaction occurs in normal adult 
females (Korenchevsky & Hall, 1937), after spaying (Korenchevsky, Dennison 
& Simpson, 1935; Korenchevsky, Dennison & Brovsin, 1936; Deanesly & Parkes, 
1937c) and during lactation (Brooksby, 1938). Aschheim & Varangot (1939) gave 
I mg. of testosterone propionate daily to spayed and non-spayed rats and found 
that the changes induced in the uterus were the same in both cases. They describe 
the uterus as being very’ vascular, with oedema of the circular layer of myo- 
metrium. 

In most of the experiments just quoted the hormone used was testosterone, 
and it may be that not every androgen will produce e.xactly the same consequences 
as those described. Korenchevsky & Hall (1940) found that, though andro- 
sterone caused enlargement of the uterus in the normal rat, it showed this effect 
less when given to a rat which had been spayed. Some of the effects of testo- 
sterone and testosterone propionate on the rat’s uterus are shown in Table 106. 

Table 106. The action of androgen on the rat’s uterus and vagina 
(Korenchevsky & Hall, 1937) 


As'eragc eight of organs in riig. 


Condition 


Duration 
of treat- 
ment 

Daily 

dose 



Progestational 
changes in 

Vaginal 

mucih- 

of rat 

Androgen 

(days) 

(mg.) 

Uterus 

V’agina 

uterus 

cation 

Normal 

None 

— 

— 

365 

25- 

_ 

_ 

Spayed 

None 

— 

— 

3 5 

13s 

- 

— 

Spayed 

Testosterone 

21 


140 

25 i 

- 

* 

Spayed 

Testosterone 

propionate 

21 

I '5 

25 I 

320 



Normal 

Testosterone 

propionate 

21 

1-5 

6i)0 

+44 




[b] The endometrium. The action of testosterone on the epithelium of the 
uterus cannot be stated in precise terms, because competent workers have ob- 
served widely differing results. In some instances, which will be quoted presently 
in connection with the arrest of menstruation by androgen, atrophy of the 
endometrium has been recorded. In other experiments androgens have brought 
about effects like those produced by oestrogen or by progestin. 
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Changes resembling those caused by oestrogen were found in an intersexual 
lesser shrew (Sorex minntus) which was examined by Brambell & Hall (1935), 
In this animal the male organs were normal and spermatozoa were present. No 
ovarian tissue was discovered. Oviducts were present and patent, the vagina was 
well developed cephalad but tapered distally and opened into the vasa deferentia 
near their junction with the urethra. The uterus was large, distended with fluid 
and showed cystic glandular hyperplasia. A similar condition after the admini- 
stration of androgen has been recorded by Nathanson, Franseen & Sweeney 
(1938), who gave single doses ranging from 2-5 to 10 mg. of testosterone pro- 
pionate to immature female rats. Within 130 hours of the injection the ovaries 
were enlarged and showed stimulation of the follicles with the subsequent forma- 
tion of corpora lutea. In these rats the endometrium displayed glandular hyper- 
plasia with mitoses followed later by secretory activity. These features were not 
present in control animals. Phelps, Burch & Ellison (1938) gave daily subcut- 
aneous injections of i mg. of testosterone propionate to adult spayed guinea-pigs 
for periods of 26 or 34 days; at the end of these periods there was an advanced 
degree of cystic hyperplasia of the endometrium with hypertrophy of the uterine 
stroma. The endometrial changes resembled those caused by oestrogen except 
perhaps that the cystic appearance induced by the androgen was more pro- 
nounced. Aschheim & Varangot (1939) have reported the occurrence of cystic 
glandular hyperplasia in the uterus of spayed as well as of normal rats after daily 
doses of I mg. of testosterone propionate. 

The influence of androgen on endometrioma. Wilson (1940) has reported the 
case of a woman of 28 with a rapidly growing endometrioma in the recto-vaginal 
septum, involving both rectum and vagina. Intramuscular injections of 50 mg. 
of testosterone propionate were given every 2nd or 3rd day for 3 months and 
thereafter every 3rd or 4th day. During one year of this treatment menstruation 
was suppressed, the pelvic mass became reduced to one-quarter of its former size 
and the patient remained free from pain. At the end of the year the treatment was 
relinquished because it had produced hirsutism and other signs of virilism. After 
the treatment had ceased the pain gradually returned, and the tumour grew. 

Progestational changes in the endornetrimn. In some of their effects on the 
uterus androgens resemble progesterone. Klein & Parkes (1936^, 1937; see also 
EmmensSc Parkes, igsga) gave 5 /of oestrone on alternate days for a period of 
6 days to immature rabbits weighing between 500 and 800 g. At the end of this 
period daily doses of 10 to 20 mg. of androgen were given for 5 days. By these 
experiments it was shown that testosterone, methylandrostanediol, methyl- 
/r^zwandrostenediol, methyldihydrotestosterone and methyltestosterone all caused 
some degree of progestational response in the uterus, their activity in this respect 
being about one-twentieth that of progesterone. Methyltestosterone was almost 
as active when given by the mouth as when given by injection, and by whichever 
w’-ay administered was more potent than testosterone in causing progestational 
changes in the rabbit’s uterus. Klein & Parkes noted also that the ovaries are not 
essential for these progestational reactions, for they occur in rabbits which have 
been spayed. Robson (1937^) produced progestational changes in the uterus of 
adult spayed rabbits by daily doses of 9 to 10 mg. of testosterone propionate given 
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after a week’s treatment with oestrone. Korenchevsky ( 1 9376) showed that testo- 
sterone propionate had considerably more influence than testosterone in causing 
progestational changes in the uterus of the spayed rat. 

McKeown & Zuckerman (1937) gave 0*2 nig. of testosterone propionate daily 
for 9 days to rats having normal oestrous cycles. At the end of this period there 
were large corpora lutea in all and progestational changes were present in the 
uterus. Similar endometrial changes were not induced in spayed rats treated with 
testosterone piropionate in the same way for 9 days after a preliniinaiy' 4-day 
course of oestrone injections, and McKeown Sc Zuckerman reprd the proge- 
stational changes induced by testosterone propionate as an indirect elTect caused 
through the corpora lutea. This conclusion is not accepted by Aschhtiiii & 
Varangot (1939), who obtained a different result in rats, nor is it easy to reconcile 
with the observations of some other experimenters. It seems possible however 
that corpora lutea if already present might co-operate with androgen in the 
causation of a progestational endometrium in the absence of any previous ad- 
ministration of oestrogen. Brooksby (1938) gave 5007 of testosterone propionate 
daily for 10 days to lactating rats — in which active corpora lutea are normally 
present — and atthe endof this time a progestational condition of the endometrium 
was found, though the epithelium was lower and the ridges of epithelium not so 
pronounced as in normal progestation. Spayed lactating rats treated in the same 
way showed an endometrium of the dioestrous type. 

Mazer & Mazer (1940) obtained results with testosterone propionate which 
seem to show that it may cause progestational changes without any preparaton^ 
supply of oestrogen. They gave 2 mg. of testosterone propionate daily to adult 
spayed rats and after vaiydng intervals the rats were killed and examined. The 
effects produced on the uterus may be summarized briefly as follows: 


Days of treatment 

3 

8 

15 

23-2^ 


State of endometrium 
Little change 

Slight progestational changes 
Complete progestational condition 
Same as after 15 days 


Noble (1939) caused progestational changes in the rat’s uterus by 70 mg. of 
testosterone propionate given in the course of 28 days after hypophy’sectomy and 
removal of the ovaries, which suggests that the action is direct. 

Co-operative effects of androgen and oestrogen on the uterus. Apparently the 
uterus, like other accessory^ sexual organs whether in the male or female, requires 
for its well-being a balanced supply of both androgen and oestrogen. 

(r) Motility of the uterus. The induction of progestational changes in the 
uterus is not the only eflect which some androgens have in common with proge- 
sterone. Robson (1937 if) gave daily injections of o-oi mg. of oestrone to adult 
spayed rabbits for 7 to S days and after this gave them injections of androgen 
twice a day for 4 days and on the 5th day tested their uterine reactions to pitiiitrin 
and oxytocin. He found that testosterone propionate in doses of 9 to 12 nig. given 
in this way inhibited the normal response of the uterine muscle to intravenous 
injections of o-i unit of oxytocin. The response to pituitrin was also prevented. 
Progestational changes were not essential for these inhibitory actions, which are 



210 


THE ACTION OF ANDROGEN ON THE 


the same in character as those caused by progesterone. T estosterone has also been 
found to inhibit contractions of the fallopian tube (Geist, Mintz & Salmon, 1939). 

(^d) Suppression of oestrus. Although in biological literature the term oestrus 
is often used as though synonymous with vaginal cornification, it will be con- 
venient to consider it here in connection with the effect of androgen on the uterus, 
so that the discussion of oestrus, uterine bleeding and menstruation can be re- 
garded in a co-ordinated fashion. 

Ihrke & D’ Amour (1931) reported that when female rats were given daily in- 
jections of an androgenic extract of bulls’ testes they remained in dioestrus as long 
as the treatment was continued. Soon after the injections had been stopped 
normal oestrous cycles were resumed. These results obtained with a testicular 
extract have been reproduced with pure androgens. Robson (i 936c) gave ou mg. 
of testosterone dissolved in oil twice daily to mice which previously had shown 
normal oestrous cycles. The treatment was continued for a fortnight or longer and 
during this time the mice remained in dioestrus, the cycles being resumed after 
the injections had been stopped. Injections of oil alone in control mice caused no 
interference with the periodical vaginal changes. Browman (1937) obtained a 
similar result in rats with androsterone and testosterone. The daily doses of 
testosterone ranged from 0-5 to 3 mg., and those of androsterone were 3, 4. and 
5 mg. All the rats so treated were in dioestrus by the 3rd day after the first in- 
jection and remained in that condition throughout the 16-day period of treat- 
ment. After the injections had been stopped vaginal cornification appeared 
within 4 to 8 days. Nelson & Merckel (1937) also reported the arrest of oestrus 
in rats by daily doses of 2 mg. of testosterone, and there is little doubt that such 
a reaction is not confined to particular species. 

The phenomenon may be explained partly by the fact that androgens interfere 
with the output of gonadotrophin by the pituitary. Such an explanation is not 
entirely adequate, for Robson (1936c) has demonstrated that androgen can pre- 
vent oestrogen from causing vaginal cornification in animals whose ovaries have 
been removed. He gave to spayed mice doses of oestrogen which were known to 
cause cornification of their vaginae. If sufficiently large doses of testosterone were 
given at the same time, cornification was prevented. It seems, therefore, that 
there are two mechanisms by which androgen may prevent cornification of the 
vagina in the adult rat or mouse, namely (i) an inhibition of the gonadotrophic 
functions of the pituitary so that ovarian activity is arrested, and (2) a direct 
antagonism of androgen against the influence of oestrogen on the vagina. 

[e) Arrest of menstruation. As mentioned elsewhere, menstruation occurs only 
in the primates. Hartman (1937) and Zuckerman (1937^) have both found that 
menstruation in monkeys may be arrested by androgens. The latter gave 25 mg. 
of testosterone twice a week to a rhesus monkey (Macaca mulatta) weighing 
5-2 kg. This treatment was continued for 210 days, during which no uterine 
bleeding took place; previously menstrual cycles had recurred regularly at inter- 
vals varying between 23 and 30 days. At the end of the 210 days the monkey was 
killed. Her ovaries were very small and contained no corpora lutea or large 
follicles, thus manifesting a deficiency of gonadotrophin. Loeser (1938) states 
that 50 mg. of testosterone propionate given to a woman by intramuscular injec- 
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tion every other day suppressed the menses; curettage, he says, revealed a ‘ccini- 
pletely atrophic ’ endometrium. Ceist, Salmon, Gaines & Walter {1940) say that 
testosterone propionate, given 3 times a week so that ^00 mg. or more are re- 
ceived in a month, will suppress nienstmation in a woman and will cause atrophy 
of the endometrium so that it resembles that after the menopause |cf. p. 207). 

(/) Inhibition oj uterine bleeding. If a female animal is subjected to a continued 
dosage with oestrogen or progestin and after a while these horniones are sud- 
denly withheld, uterine bleeding will follow, as it does also and for the same reason 
in primates after removal of the t> varies during active sexual life. Hartman ( 1 937) 
states that the uterine haemorrhage which follows removal of the ovaries, or 
which follows the sudden stoppage of a course of oestrone injections, can be pre- 
vented in the monkey by giving adequate doses of testosterone. He gave 100 r.ii. 
of oestrone daily to a normal adult female monkey for 5 days and then stopped the 
injections. Uterine bleeding began on the 5th day and continued for the next ii 
days. Later he gave the same doses of oestrone for 5 days, and then injected 
10 mg. of testosterone propionate daily for the next 13 days, during which no 
uterine bleeding occurred. In another experiment, using the same method and 
doses, by continuing the injections of testosterone propionate for 63 days, uterine 
bleeding was prevented for the whole of this time. Zuckenman (1939) and 
Abarbanel (1940) have done similar experiments on monkeys wdth the same re- 
sults as those of Hartman. The prevention of bleeding from the uterus by testo- 
sterone may be associated with its progesterone -like activity, for progesterone has 
the same effect. 

(g) The formation of deciduomata and endometrial moles. Testosterone pro- 
pionate, given in large enough doses, w’ill not only produce progestational changes 
in the endometrium, but it will act like progesterone in causing deciduomata. 
McKeown & Zuckerman (1937; see also Parkes & Zuckerman, 1938) gave daily 
injections of 14 i.u. of oestrone to six female rats for 4 days and thereafter gave 
them 2 mg. of testosterone propionate daily for 10 days. On the 6th day of the 
testosterone injections both uterine horns were injured by transfixion with a 
needle. On the day after the last dose of testosteron?? the rats were killed- The 
uterine horns in all were found to be swollen and in one a well-developed deci- 
duoma was present. In the others the endometrium was progestational in 
character. Brooksby (1938) found that testosterone propionate in daily doses of 
5007, though causing a progestational condition in the rat^s uterus, did not cause 
deciduoma in response to injury. He further found that with this dosage, testo- 
sterone propionate inhibited neither the formation of deciduomata in response to 
progesterone nor the formation of endometrial moles in response to oestrogen. 

{h) The growth of fibromyomata of the uterus. Experiments on animals show' 
that fib romyomata of the uterus are the results of an excessive supply of oestrogen 
or an excessive susceptibility to its influence. Human experience has proved 
that removal of the ovaries, or their lapse into quietude at the menopause, is 
followed by a cessation of growth of these tumours, and indeed a reduction of 
their size, and it seemed possible that their formation might he prevented or 
their continued growth checked by the administration of androgen. Lipschiitz, 
Vargas &: Ruz (1939) havx demonstrated by experiment such an inhibitorv’ action 
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of androgen. They found that whereas uterine fibroids are readily induced in 
guinea-pigs by oestrogen, their formation can be checked by androgen. Testo- 
sterone prevented the formation of uterine fibroids in spayed guinea-pigs under 
the influence of oestradiol monobenzoate when the proportion of testosterone 
to oestradiol was in a ratio of 22:1. 

Turpault (1937) treated with testosterone twenty-one women all of whom had 
uterine fibroids and had not reached the menopause. Daily intramuscular injec- 
tions of 5 to 10 mg. of testosterone were given during 3 weeks in each month. 
Six of the patients did not return and were not available for an assessment of the 
results. In the remaining fifteen a diminution or cessation of haemorrhage, a 
shrinkage of the pimours and a lessening of the discomforts, were secured in 
eleven, the remaining four showing no benefit. 

Against its passible advantages there are many objections to the prolonged 
treatment of women with androgen, and the results mentioned above are quoted 
merely because of their academic interest. 

The Vagina 

(fl) Before puberty. It is noteworthy that androgens do not have the same action 
upon the vagina of the infant and that of the adult. In the former they induce 
cornification of the vagina, whereas in the adult, with few exceptions, they do not. 

Premature opening and cornification of the vagina. Butenandt & Kudszus 
{1935), while investigating the effects of androgens on immature rats, observed 
that premature opening of the vagina with cornification of its epithelium was 
caused. They used rats 18-25 days old and injected the androgen to be tested 
subcutaneously twice a day on three successive days. Some of their results 
appear below (Table 107). 

Table 107. The effect of androgens on vaginal opening in immature 
rats (Eutenandt &: Kudszus, 1935) 

Total dose Age at opening of the vagina 


Hormone (mg.) (days) 

Testosterone 2*4 27 

Androstenedione 6 24-26 

Dehydroandrosterone 6 28-30 

Androsterone 6 46-54 

Mone (controls) 45“57 


This action of androgen on the vagina of the immature rat has been confirmed. 
Salmon (1938 A) gave single doses of 1-5 mg, of testosterone propionate or andro- 
stenediol to rats aged 27 to 30 days. In the animals so treated opening of the 
vagina occurred within 72 hours; between 60 and 70 hours after the injections 
the ovaries showed follicular stimulation like that caused by pituitary gonado- 
trophin, and when examined between 96 and 192 hours later well-developed 
corpora lutea were present. In control rats of the same age the vaginae were still 
closed. The same results were obtained in rats by Nathanson, Franseen & 
Sweeney (1938), using single injections of testosterone propionate (2- 5-10 mg.). 
Opening of the vagina with cornification occurred within 96 hours of the injec- 
tions , and 24 hours later the ovaries were enlarged and showed that stimulation 
of the follicles had taken place; corpora lutea developed later (v. p. 191). 
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la considering these results the gonadotrophic action of androgen on the ovan’ 
and testis will come to mind, and it might have appeared plausible to attribute 
the premature opening of the vagina caused by androgen to the gonadotrophic 
influence which these exert on the ovaries. But .Andersen Kennedi' ( 1933 1 had 
already proved that opening of the vagina is not entirely dependent on ovarian 
activity, for though delayed it is not prevented by spaying; furthermore, Ruben- 
stein, Abarbanel & Nader (1938) found that testosterone propionate caust*d 
opening of the vagina in immature spayed rats, so that the ovan* does not appear 
to be essential for the reaction. Even the pituitary* is not rei|uired for tlie phe- 
nomenon. Nathanson, Franseen & Sweeney (193S) showed that the reaction still 
takes place in the absence of the ovaries, or of the pituitary, or of the ovaries and 
the pituitary*. In hypophysectomized immature and adult rats Noble (1939), also, 
found that testosterone caused opening of the vagina with cornilication. We know 
that the androgens used in the experiments just quoted do not cause vaginal 
cornification in the adult rat w^hether intact or spayed provided that the pituitary* 
is present and capable of function ; and it seems justifiable to suspect that this 
reaction to androgen both in immature intact rats and hypophysectomized adults 
is due to the same cause, namely an absence or deficiency of gonadotrophin, 

(b) After puberty. The prevention of post-castration atrophy. 'WTien andro- 
gens are given to a spayed animal the consequent vaginal atrophy can often be 
partly prevented, or if already present can be ov*ercome to a considerable extent, 
by the administration of androgen. Korenchevsky and his colleagues (Koren- 
ch€v^sky& Dennison, 1936^^; Korenchevsky & Hail, 1937) gave various androgens 
daily for a period of 2 1 days to spayed rats and found that all the hormones under 
test protected the vagina against atrophy* to some extent. A few of their findings 
are represented below (Table 108), 

Table ioS. The action of androgens on the spayed rat’s vagina 
( Korenchevsky* & Hall, 1937) 

Prevention of post-castmtion 


Homione used 

Daily dose 

atrophy 

Epithelium Stroma 

Weight of 
vagina 

ting.) 

X^-Androstenediol 

o-2-ob 

( sligh-t • 

174 

A.'‘-Androstenedione 

3-0 

(slight) 

224 

Testosterone 


(slight ) 

251 

Testosterone propionate 

I '5 

4- — 

320 

FrtJHsdfhydroandrosterone 

i-o-4’0 

(ven- slikihtt shjht * 

it >3 

Uainjected spayed controls 



131 

Intact controls 



45^ 

XOTK. ‘ 

The — sign in 

the table denotes ‘ pre\ cn:K>n’. 



Nelson & Alerckel (1937) reported that post-castration changes in the vagina 
of the spayed rat could he largely prevented by daily* injections of testosterone 
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(o‘5 to I mg.), androsterone (1*5 mg.), dehydro androster one (i mg.) or andro- 
stanedione (i mg.). 

Hypertrophy of the fibromuscidar strojria of the vagina. As with the other 
accessor}" reproductive organs of the female androgens cause hypertrophy” of the 
vaginal stroma. This effect is reported in the paper by Korenchevsky & Hall 
(1937) to which reference has been made (Table 108). In some instances the 
hypertrophy resembles that which accompanies pregnancy, the calibre of the 
vagina being enlarged and its walls folded so as to accommodate the enlargement. 

Mucification of the vaginal epithelium. One of the effects which many andro- 
gens have in common with progesterone is mucification of the vaginal epithelium. 
This change, for which the co-operation of oestrogen usually is required, is in- 
duced in spayed rats by androsterone, testosterone, testosterone propionate, 
^r^zwdehydroandrosterone, androstenediol, androstenedione and androstanediol 
(Nelson & Gallagher, 1936; Korenchevsky & Dennison, 1936/^; Korenchevsky & 
Hall, 1937; Noble, 1939; AlacDonald & Robson, 1939)- Experiments by the last 
named provide an example. Into mature mice which had been spayed a fortnight 
or more beforehand they injected the artificial oestrogen triphenyl ethylene alone 
or together with progesterone or testosterone propionate. Four injections were 
given during 48 hours and the mice were killed at varying intervals within the 
next 5 days. The results show that testosterone, like progesterone, co-operates 
with oestrogen to cause mucification of the vaginal epithelium (Table 109). 

Table 109. Mucification of the vagina induced by the co-operation of 
oestrogen and androgen (MacDonald Sc Robson, 1939) 



Total doses 

Number 

Percentage with 

Hormones used 

(mg.) 

of mice 

vaginal mucification 

T riphenylethylene 

0-4-0* 5 

46 

10*7 

T riphenylethylene 

0-4-0* 5) 

13 

46 

plus Progesterone 

I ) 

Triphenylethylene 

O- 4 - 0-5 1 

1 + 

79 

plus Testosterone propionate 

0 - 25 - 0 - 5 I 


Vaginal cornification. Some androgens produce coraification instead of 
macification of the vaginal epithelium in normal adult rats. This is the case with 
mandrostenediol and dehydroandrosterone given in doses of i mg. daily (Nelson 
& Merckel, 1937). After removal of the pituitary, vaginal cornification instead of 
mucification may be caused by other androgens in adult animals and has been 
noted in these circumstances after the administration of dehydroandrosterone 
and aVandrostenediol (Nelson k Merckel, 1937), testosterone propionate (Parkes 
& Zuckerman, 1938), testosterone (Noble, 1939) (see p. 108). 

Freud (1938) has pointed out that the formation of a many-layered stratified 
epithelium in the vagina is a separate phenomenon from the cornification or 
mucification of the superficial epithelial cells and is attributable to a different 
cause, which he designates mitogenetic. He suggests that gonadal hormones may 
be grouped as follows according to their action on the vaginal epithelium (see also 

p- 304): 

A. Mitogenetic {i.e. producing a many -layered stratified lining). 

Oestrone, androstenediol, androsterone, dehydroandrosterone (none of which 
inhibits cornification). 
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B, Mitogenetic and Mucifying. 

Testosterone, testosterone propionate, methyltestosterone, A^-andrcisteiiedicme, 
androstanedioL {These induce a many-layered stratijied epithelium hut lead to 
mucificatim insieati of eornificaiwn of the superficial layers.) 

C. Non-mitogenetic and Mucifying, 

Progesterone, pregnanediol. {These inhibit com ifiait km and cause mucifkat ion ^ 
but they do not bring about a many-layered stratified lining.) 

Stratification of vagmal epithelium. Freud’s classification seems to tit the facts, 
and it brings out an effect which is common to androgen and oestrogen, thouph 
more pronounced with the latter, namely the formation of a many-layered strati- 
fied lining to the vagina, the superficial cells of which will become Ci.»rnified unless 
comiiication is prevented by androgen or progestin, under the influence of which 
they will become mucified. 

Inhibition of cornfication. As mentioned in connection with Freud’s suggested 
classification of gonadal hormones, inany of the androgens, like progesterone, 
inhibit vaginal comification, though relatively large amounts may be required to 
do so (Robson, 1936c). 

The Oviducts 

(fl) Stimulating action. When describing the action of androgens in the embryo 
examples were quoted to show that these hormones may have a stimulating action 
on the development of the oviducts. This effect has been particularly noticeable 
in birds but has been recorded also in the opossum. In birds the effect is not 
confined to embryonic life, for Witschi & Fugo (1940) have noted hypertrophy 
of the oviduct after the injection of androgen into the adult hen during the non- 
breeding season. 

(b) Repressive action. In contrast with these observations are others which 
reveal a suppressive action by androgen on the oviducts, which have been found 
absent in freemartins and in mice subjected to androgen during embn’onic life. 
Whether these discrepant results are due to the different stages of development 
at which the androgens have acted, to different dosages, or to some other cause is 
a problem which awaits elucidation (p. i8p). 

The Prostate and Coagulating Gland 

Camus 8c Gley (1896, 1897) noticed that the guinea-pig’s seminal fluid coagulates 
rapidly after its discharge, and they found that this coagulation is caused by a 
specific enzyme formed by the glands adjoining the seminal vesicles. Walker 
(1910) inquiring further into the matter discovered that the specific coagulating 
enzvme is secreted by a special 'coagulating gland’ which in the guinea-pig and 
some other rodents is distinct from the prostate. The reader will bear in mind 
that when mentioning the prostate in connection with the action of hormones 
many writers do not distinguish between the prostate and coagulating gland, hut 
refer to both as prostate. 

]\Ioore, Gallagher & Koch (1929; see also INI 0 ore 8c Gallagher, 1930^) injected 
lipoid extracts of balls’ testes into castrated guinea-pigs and by this means main- 
tained the prostate, coagulating glands and seminal vesicles in functional activity. 
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In ordiiiar}' circumstances these glands become atrophied in the absence of the 
testes. 

By a different method Martins & Rocha (1931) showed that prostatic hyper- 
trophy could be caused by an excessive production of androgen by the testes. 
They joined two male rats in parabiosis and castrated one of them; the result was 
that the prostate of the non-castrated rat became hypertrophied because its 
testicles were stimulated to produce an excess of androgen owing to the increased 
supply of pituitary gonadotrophin derived from the castrated partner. The in- 
creased output of gonadotrophin by a castrated animal’s pituitary has already 
been mentioned (p. 45). 

Korenchevsky, Dennison & Kohn-Speyer (1932) castrated rats when they were 
between 22 and 29 days old. About 2 months later the rats were given injections 
of androsterone twice a day for 7 days, at the end of which they were killed and 
their prostates were weighed. The results are shown in Table no. 

Table i 10. The effect of androsterone on the prostate of the castrated rat 
(Korenchevsky, Dennison & Kohn-Speyer, 1932) 

Mean w’eight of prostate per 
Daily dose of androsterone zoo g. of bodyweight 

(c.u.) (nxg.) 

None 60 

I 95 

2 ‘S 1 15 

5 154 

7 212 

Preud (19336) performed a similar experiment showing that either a testicular 
extract or androsterone will cause growth and activity in the prostate and other 
accessory sexual organs after castration. 

Walsh, Cuyler 5 c McCullagh (1933, 1934) removed the pituitaries of rats, thus 
causing atrophy of the testes and accessory genitalia. In such rats they found that 
prostatic atrophy could be prevented by the daily injection of ‘9 bird units’ of 
androsterone. 

Callow 5 c Dean esly (1935 6) showed that the prostate, coagulating and ampullary 
glands could all be maintained in a functional state after castration in rats, mice 
and guinea-pigs by a daily administration of androsterone. Itho & Kon (1935) 
gave 50 mg. of androgen extracted from human urine every day to young dogs, 
with the result that the accessory organs of generation became much enlarged as 
compared with the same organs in littermate controls (see Table in). 

Bottomley & Folley (1938^2:) gave 2 mg. daily of various androgens dissolved 
in sesame oil for 30 days to immature guinea-pigs, with the result that the testes 
were diminished in weight, owing to inhibition of the gonadotrophic function of 
the pituitary, while the seminal vesicles and prostate were enlarged as compared 
with controls (Table 97). 

Zuckerman 5 c Parkes (1938) treated a castrated rhesus monkey weighing 6*72 
kg. with injections of testosterone propionate. At first the dosage was 5 mg. given 
every other day, and later 17-5 mg. were given once a week. At the end of 91 days 
the prostate, seminal vesicles and Cowper’s glands were of normal size and in full 
secretory activity. 
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For this stimulating action of androgen on the prostate it is not essential that 
the age of puberty should have been attained. Price (1936) found thut hy}"K?r-- 
trophy 'with precocious secretory activity could be induced by androgen in rats 
at the age of 12 days. 

The generalization that the actions of androgen, and of other gonadal fioriiiones, 
are organ-specific and not sex -specific is exemplified hy the reactions of prostatic 
tissue. Korenchevsky & Dennison (i936rt; Klorenchevsky,i937^) tested a number 
of androgens on spayed feinale rats and noted that every one of the compounds 
caused an enlargement with secretory' activity in the \\‘stiiiial prostates of these 
animals. In normal female rats these glands resemble histologically the prostates 
of castrated males, consisting of diminutive tubules lined with low cubical epi- 
thelium (Marx, 1932). After treating female rats with effective doses of androgen 
these vestigial glands become clearly visible to the naked eye, and histoloeically 
resemble the prostate of the normal male rat except that secretion in most of the 
tubules in the treated female is less than in the normal male. The androgens 
found to have these stimulating effects on the female prostate included andro- 
sterone, /r^ftsdehydroandrosterone, androstanediol, testosterone, testosterone 
propionate, A'^-androstenedione and A^-androstenediol. 

Moore & McLellan (1938) made a microscopical study of surgically enucleated 
prostatic tissue from five men who before operation had been treated with intra- 
muscular injections of testosterone propionate in doses varying from 285 to 
1, 125 mg. during periods of 12 to 95 days before the operation. They were unable 
to recognize any" results of the treatment in the sections examined, and concluded 
that either benign hypertrophy in man is an irrev^ersible condition or its presence 
is not dependent only upon a senile diminution in the supply of androgen. 

Attention may be directed to what at first sight might appear an anomalous 
consequence of giving certain androgens. Korenchevsky & Hall (1939) found 
that some old rats treated with androsterone and dehydroandrosterone showed a 
decrease instead of an increase in the weights of their seminal vesicles, prostate, 
preputial glands and penis. Testosterone and testosterone propionate, on the 
other hand, caused an increased weight of these organs. This odd-seeming result 
they explain by the inhibitory effect of androgen on the output of gonadotrophin 
by the pituitary", with a resultant arrest of formation of androgen by the testes. 
Seeing that testosterone is considerably more potent than androsterone or de- 
hy^droandrosterone the explanation appears sound, provided that the inhibitory’ 
influence of androsterone and dehydroandrosterone on the gonadotrophic activity 
of the pituitary" is relatively in excess of their stimulating influence on the accessory 
genital organs. 

These various experiments show that the main effect of androgen on the pro- 
state and coagulating glands is confined to the epithelial structures, which become 
hy^pertrophicd and functionally active. Any increase of stroma induced is, it 
seems, merely that required to support the hypertrophied epithelium and its 
secretory products. 'Fhese effects are in contrast with those produced in the 
accessorv male generatwe organs by oestrogen, which causes atrophy and eventu- 
ally metaplasia of the epithelium together with hypertrophy of the stroma. 
Apparently small doses of oestrogen may” co-operate with androgen in main- 
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taining the prostate and other accessory generative organs after castration, 
whereas larger doses of oestrogen are antagonistic to androgenic action. Androgen 
in excess will protect the prostate from the epithelial atrophy and metaplasia 
which would be caused by oestrogen in its absence. 

These results may be summarized by stating that androgens cause enlargement 
and secretoi*}" activity of the prostatic epithelium. This effect is produced whether 
the individual is (i) normal, (2) immature, (3) castrated, (4) hypophysectomized, 
(5) male or (6) female. Furthermore, androgen will protect the prostate and 
coagulating gland from the deleterious effects of an excess of oestrogen. 

The effect of androgen on the production of acid phosphatase by the prostate, 
Kutscher & Wolbergs (1935) discovered that the normal human adult prostate 
contains a large amount of a phosphatase for whose activity the optimum pH is 
4*9 which, it may be noted, is about the pH of the vagina during oestrus in 
women. Gutman & Gutman (I938^^) found but little acid phosphatase in the 
kidney, liver, duodenum, vertebrae, testis or Cowper’s gland, whereas it was 
present in high concentration in the prostate and preputial gland. The amount 
detectable in the prostate increased at puberty; at 4 years of age 1*5 King- 
Armstrong units were found per g. of fresh tissue as compared with 73 units in a 
boy of 13 years. A high acid phosphate concentration has been found in the 
osseous metastases of a malignant prostate (Gutman, Sproul & Gutman, 1936; 
Huggins, Stevens & Hodges, 1941) and in the serum of patients with prostatic 
cancer (Gutman & Gutman, 1938^; Huggins & Hodges, 1941; Huggins, Scott 
& Hodges, 1941). In such cases a fall of the serum acid phosphatase has been 
noted to follow castration or the administration of oestrogen (Huggins, Scott & 
Hodges, 1941), whereas androgen caused a sharp rise of the serum content of acid 
phosphatase in three cases of prostatic cancer (Huggins & Hodges, 1941). 

Huggins, Masina, Eichelberger and Wharton {1939) devised a method for 
collecting the prostatic secretion of dogs and by direct assay found the secretion 
of acid phosphate was arrested by castration and resumed once more if the dogs 
were given testosterone propionate. A comparable observation has been made 
with the rhesus monkey (Gutman, 1942). 

The treatment of non-malignant enlargement of the prostate in man by castration. 
The dependence of the gland upon the testes enabled surgeons to cure benign 
enlargement of the prostate by castration. This successful operation was dis- 
carded largely because of an unwarranted rumour that mental deterioration was 
apt to follow. The effect of castration, and of gonadal hormones, upon the 
secretory activity of the prostate in old dogs has been studied experimentally by 
Huggins 8c Clark (1940). 

The Semiiial Yesicle 

John Hunter called attention to the atrophy of the seminal vesicles w^hich follows 
castration. Most of the modern experimenters when inquiring into the effects of 
androgen on the prostate and coagulating glands have noted also their effects on 
the seminal vesicles. The results are identical in kind; androgens favour the de- 
velopment and functional activity of the epithelium of the seminal vesicle, but 
have little if any detectable action upon the stroma except so far as this is needed 
for the support of the hypertrophied epithelium and the secretion produced by 
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its activity. Examples of the effect of androgen on the weight of the seminal 
vesicles are given in Tables 97, 100, loi. As with the prostate and coagulating 
glands, androgen, when available in sufficient amount, will protect the seminal 
vesicles from, the epithelial atrophy and metaplasia caused by oe,strogeii when 
imbalanced by androgen. 

The response of the seminal vesicles to androgen, though similar in kind, 
is usually not equal in degree to that of the prostate (including with this the 
coagulating gland). Callow S: ,Deanesly (1935^2) showed that an droste rone had a 
smaller eifect on the seminal vesicle than on the prostate; i me. daily maintained 
in an active state the prostate of the adult castrated rat, whereas to maintain the 
seminal vesicles a daily dose of 2 mg. was required. Moore & Price i 1937, 193S ) 
have confirmed this observation. 

The Vas Deferens and Epididymis 

(a) Histological effects. Vatna (1930) studied the results of castration and of 
an androgenic extract of bulls’ testes on the vas deferens of the rat. Xormally the 
vas is lined by a tall, single layer of columnar ciliated epithelium. After castration 
the cilia disappear, the epithelial cells become small and rounded, cease to secrete, 
and form a stratified layer many cells thick. The muscle also becomes reduced in 
size. After castration, Vatna points out, these changes may be prevented, or, if 
they have already occurred, may be reversed by means of testicular extract. These 
observations on the rat were confirmed by IMoore (1932). Itho & Kon (1935) 
made observations on puppies, and their results, though few, are interesting. 
Four littermate puppies were used and when they were a month old two of them 
were given daily doses of 50 mg. of an androgenic extract prepared from human 
urine. One treated and one control puppy were killed 3 weeks after, and the other 
two 6 weeks after the experiment began. A summary’ of the results is shown in 
Table in. 

Table hi. The effect of daily doses of 50 mg. of androsterone on the weights 
of the testes and accessory generative organs of young dogs (Itho & Kon, 1935) 



Testes 

Epididymis 

Vasa 

deferentia 

Semina! 

vesicles 

Prostate 


(nw-) 

(mg. ) 


(me.l 

(nie.) 

I . T reated 

75 

265 

1S2 

610 

qlO 

2. Untreated 

122 

107 

47 


307 

3 . T reated 

152 

476 

230 

1,5:0 

3,220 

4.. Untreated 

344- 

220 

O4 

435 

570 


It will be seen from the table that the administration of androsterone had 
caused a diminution in the size of the testes accompanied by an enhanced de- 
velopment of the accessory" genital structure, including the epididymis and vas 
deferens. 

(h) Functional ej)ecis\ The action of gonadal hormones on the motility of the 
vas deferens of the rhesus monkey was tested by Martins ^ Valle (19381 using 
in vitro methods. They found that testosterone inhibited contraction of the vas 
while ocstrone stimulated contraction, as also did castration. Their results may 
be compared with those of progesterone on the uterus and ureters. 



220 


THE ACTION OF ANDROGEN ON THE 


The Epoophoron 

Except the vestigial prostate found in some female animals, few homologues of 
the male reproductive organs remain in the adult female apart from those com- 
posing the external genitalia. The only persistent relic of the wolffian body in the 
female is the epoophoron, which represents the cranial end of the wolfiian ap- 
paratus, corresponding with the vasa efferentia testis and epididymis of the male. 
Its response to androgens is the same as that of the homologous structures in the 
male. Grand (1939) gave three injections, each of 5 mg. of testosterone pro- 
pionate, at s-day intervals to adult female guinea-pigs. This treatment caused 
changes in the epoophoron in the absence of noticeable reactions elsewhere; the 
epoophoron was hypertrophied, its tubules being longer and more convoluted 
than normal. Under the microscope its sections resembled those of the epi- 
didymis and the epithelium had assumed a glandular character. Using Dustin’s 
colchicine technique on guinea-pigs which were under treatment with testo- 
sterone, Granel found that mitosis was conspicuous in the epoophoron, though 
not so pronounced as in the uterine glands and ovarian follicles — ^which, however, 
are normally the sites of germinative activity which the epoophoron is not. 


Cowper^s Gland 

Like the other accessory generative organs, Cowper’s glands become atrophic 
after castration (Moore, 1932). This atrophy can be largely prevented by extracts 
of testicle or by pure androgens. Heller (1930, 1932), using rats and guinea-pigs, 
studied in detail the effects of castration on Cowper's gland; this becomes reduced 
in size, the tubules and acini merge together, the epithelial cells become atrophic 
and cease to secrete. The daily administration of a testicular extract for 30 days to 
a rat which had been castrated 8 months previously caused a return of the glandu- 
lar epithelium to the normal size. Tschopp (1936) castrated rats and gave them 
ten daily injections of various androgens, including testosterone, androsterone, 
androstanediol and androstenedione, and found that in every case castration 
atrophy was largely prevented. He made the further observation that Cowper’s 
glands, and some other accessory generative organs in the castrated male, may be 
stimulated into growth and activity by appropriate doses of oestrogen. This effect 
is amplified when androgen and oestrogen are both supplied (Table 1 12). 


Table 112. The effect of androgen and oestrogen on the accessory 
generative organs in the castrated rat (Tschopp, 1936) 

Average weights in mg. 


Hormone given 

Daily dose 

Number 
of rats 

Seminal 

vesicles 

Prostate 

Cowper’s 

glands 

Preputial 

glands 

None 

0 

3 

10 

29 

33 

30 

Testosterone 

soy 

4 

28 

53 

71 

64 

Oestrone 

20 r.u. 

3 

38 

57 

73 

43 

Testosterone 
plus Oestrone 

' soy 1 

20 r.u. f 

3 

69 

98 

174 

84 


An experiment which showed the stimulating effect of androgen on Cowper’s 
gland in the castrated monkey has been mentioned earlier (p. 216), 
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The Preputial Gland 

In rats and mice these glands are well developed in both sexes, and their activity 
is stimulated by androgens and oestrogens. After castration th i.*y jnviMtr : 

Voss (1931) found that this post-castration atrophy in the mouse could be over- 
cot^ by means of testis transplants or by the injt*ction of androgen, Freud 
(1933 a) showed that a testicxilar extract (Hombreol) restored the preputial glands, 
which had become atrophied following castration in young male rats, and caused 
an increased weight of these glands in normal male rats. A still greater increase 
was obtained when some ocstrone was given in addition to the androgenic 
preparation. 

Tschoppi (1936) made a similar obsen'ation on rats and found that hypertrophy 
of the preputial glands could be produced not only by a number of different 
androgens^ but by oestrogens as well, and oestrogen and androgen co-operated 
in this action (Table 112). 

Korenchevsky, Dennison & Brovsin (1936) gav’e daily doses of 1677 of testo- 
sterone to gonadectomized male and female rats and so brought their preputial 
glands up to and above their original W’eight. This they say is an exceptional 
result ; enlargement of other accessory generative glands in castrated animals is 
caused by androgen, but the glands do not as a rule regain their normal weight. 

Bulliard & Ravina (1937) made a similar observ^ation after the use of testo- 
sterone propionate. Van der Woerd (1938) obtained comparable results in gona- 
dectomized male and female rats. The rats w’ere castrated or spayed when 25 to 
28 days old. After an interv'al of 14 days they were given daily injections of 200}' 
of testosterone or androsterone for a period of 14 days, at the end of which they 
were killed and the preputial glands were weighed (Table 1 1 3). Nelson & IMerckel 
(1937) observed that either rf^androstenediol or dehydroandrosterone giv’en daily 
to normal or hypophysectomized female rats caused pronounced enlargement of 
the preputial glands accompanied by cornification of the vagina and enlargement 
of the clitoris. 

Table 113. The effect of androgen and oestrogen on the rat’s preputial 
gland after gonadectomy (Van derWoerd, 1938) 



Daily 

Average weii£;ht of preputial glands ; 


dose 



Honnone 

(r) 

Male: 

Females 

None 

0 

27 

31 

Oestxone 

10 

+3 

40 

Androsterone 

200 

59 

5i 

Testosterone 

2CX> 

79 

S6 

Oestrone 

10 \ 

57 


{>his Androsterone 

200 ) 

■ 7 

Oestrone 

10 ! 

lot) 


fyliis Testosterone 

200 i 



The stimulating effect of androgen on the prepiutial gland of the female was 
demonstrated also by Mazer &: Mazer (1940I. They gave 2 mg. of testosterone 
propionate daily for 29 days to adult spayed rats and weighed their preputial 
glands at the end of this period. Not only were the preputial glands of the treated 
rats greatly enlarged as compared with those of untreated sprayed rats, but they 
were twice as large as those of normal untreated females (Table 114). 
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Table 114. The effect of testosterone propionate on the preputial glands 
of the spayed rat (Mazer 8c Mazer, 1940) 


Rats 

Treatment 

Average weight of preputial 
glands at the end of 29 days 
(mg.) 

Normal 

None 

80 

Spayed 

Sesame oil 

50 

Spayed 

z mg. daily of testosterone in. sesame oil 

182 


Noble (1939) performed a similar experiment with the same sort of result. 

External Genitalia 

The external genitalia of the two sexes are based in the main upon a single model, 
the components of which show essentially the same reactions to androgen in male 
and female. For brevity, therefore, the tw^o sexes will be considered together in 
the present discussion. 

(i) Scrotum and perineum. The dependence of the scrotum on the testes for its 
full development is demonstrated by the atrophy which it undergoes after 
castration. Wells (1937^2) says that the weight of the scrotum depends mainly on 
the cremaster muscle, and he showed that the scrotal atrophy which follows 
castration is not due merely to the absence of the testicle, for the average weight 
of the whole scrotum after complete castration is less than the weight of half a 
scrotum from which one testis has been removed while the other testis remains 
intact; though unilateral castration does lead to some atrophy of the empty half 
of the scrotum. These observations were carried out on the ground squirrel 
{Citellus). Hamilton (1936, 1937) showed that the development and maintenance 
of the rat’s scrotum are dependent on androgen. In the vrhite rat the ventro- 
caudal portion of the scrotum, he says, is wrinkled and reddish yellow in colour. 
In ten castrated and seven hypophysectomized adult rats the scrotum became 
atrophied, lost its pouch-like form and its pigment, and eventually resembled the 
perineal skin of a female rat, becoming closely attached around the perineum and 
base of the tail. Testosterone acetate prevented these changes. Furthermore, 
twenty immature male rats given daily injections of testosterone for 19 days, 
beginning when they were 14 days old, had scrota i|- to 3 times as large as those 
of non-injected littermates. 

According to Nelson (i937<3) the rat’s scrotum is particularly sensitive to 
testosterone, for a daily dose of 0-25 mg. maintains the scrotum just as well as 
3 mg., whereas most of the accessory genital organs show a greater response to 
3 mg. than to 0-25 mg. 

Enlargement of the scrotum has often been noticed in boys after treatment with 
gonadotrophin for undescended testicle. In these instances the scrotal enlarge- 
ment is due to an increased output of androgen in response to gonadotrophic 
stimulation. In eunuchs and men with testicular atrophy scrotal enlargement 
occurs as a direct response to treatment with testosterone (Vest & Howard, 1 938). 

Androgens have well-marked effects upon the perineum of the female also. 
Hall (1938) examined the action of testosterone propionate on normal female rats 
and on others whose ovaries had been removed during infancy. The injections of 



223 


ACCESSORY GENERATIVE ORGANS 

androgen were continued for the last 3 weeks of life. Nornially, she says, the 
vaginal introitus is covered by skin with a few hairs and a sqnanious keratinized 
epithelium beneath which are numerous sebaceous glands. After treatment with 
testosterone this skin is thickened, the sebaceous glands are more numerous and 
are greatly hypertrophied. 

When androgens are given at an earlier stage of growth their effects on the 
perineum of the female are pronounced. Hamilton Sc' Gardner (1937) gave 
5cx> 7 of testosterone propionate subcutaneously to pregnant rats during the la^ 
third of pregnancy. The external genitalia of the female otTspririg of these rats 
were masculine in appearance. The clitoris wus large and resembled a penis, 
there was no vaginal opening and the perineum was extensive and scrotiiiii-like. 
Raynaud (i938£2) performed a similar experiment on mice. Dunne the last few 
days of pregnancy the mothers were given subcutaneous injections of testusterone 
propionate. As soon as they were bom the young were separated from their 
mothers and received no more testosterone. When adult these mice show*ed an 
absence of the perineal part of the vagina, the ano-genital distance was greater 
than normal and a kind of scrotum was present. 

The writer has seen in adult female rats and mice, which had been treated 
prenatally in this way, a substantial perineum, wdth a pronounced median raphe 
extending as a raised cutaneous ridge on to the caudal surface of the penis, as the 
organ may be called in its transformed state in these androgen- treated females. 
The lower end of the vagina was absent and the condition produced had a 
remarkable resemblance to that of a castrated male. 

The motor function of the scrotum. The writer is not aw’are of any published 
work directly showing the influence, if any, of androgen on the muscular activity 
of the scrotum. Andrews (1940) has studied the effects of castration on this 
function in rats. A thread was stitched to the scrotum and attached to a recording 
lever. The rat w^as anaesthetized and immersed in a \vater bath with its head out. 
The temperature of the bath w’as 38^ C. at the beginning and w'as gradually 
lowered to 20° C. and then raised again to its original level, the changes through- 
out taking place at the rate of about C. per minute. With normal adult rats cold 
caused contraction and heat caused relaxation of the scrotum ; but with rats tvhich 
had been castrated when 5 weeks old and were tested 5 w eeks or more after the 
operation there was but little contraction in response to a lowered temperature. 
If, however, a rat were tested in the same way within a few hours after castration, 
the scrotum reacted as in the intact animal. With normal infantile rats there was 
little scrotal response to cold; an increased responsiveness coincided approxi- 
mately with the arrival of puberty. 

(ii) Penis and clitoris. Long before the discovery of hormones the penis had 
been noticed to remain undersized in men castrated early in life. A similar effect 
follows castration in other animals (Richon & jeandelize, 1903K In the free- 
martin, which is genetically a female modified by the sexual honnones of her twin 
brother, the clitoris, as John Hunter had shown, is much enlarged. These early 
observations suggested that the development of the penis depends on some in- 
fluence derived from the gonads. 

Numerous experiments on animals and clinical observ'ations on man have since 
prov^ed that the growth and development of the penis is dependent on androgen. 
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In the male an excessive supply of androgen causes hypertrophy of the penis, 
a deficiency of androgen leads to atrophy of this structure. 

Korenchevsky, Dennison & Kohn-Speyer (1932) castrated rats when they 
were between 22 and 29 days old, and gave them two daily injections of andro- 
sterone for 7 days, at the end of which period the rats were killed and their organs 
weighed. It will be seen that androsterone prevented the atrophy of the penis 
which followed castration in the uninjected control rats (Table 1 15). 

Table 115. The effect of androsterone on the penis of the castrated rat 
(Korenchevsky, Dennison & Kohn-Speyer, 1932) 

Daily dose of androsterone Average weight of penis expressed 
(c.u.) as mg. per 200 g. of bodyweight 


None (controls) 73 

I . .86 

2*5 104 

5 

7*5 131 


Tschopp (1935) has reported comparable results, which illustrate also how 
androgens do not exert their specific actions on all the responsive tissues alike. 
He castrated rats weighing between 70 and 80 g. and used them 4 weeks later, 
when they were given daily doses of different androgens for 20 days, after which 
they w^ere killed and the organs weighed. The results show, not only that andro- 
gens counteract the tendency to post-castration atrophy, but that the effect of 
each androgen on the penis is not strictly correlated with its effect on the capon’s 
comb (Table 116). 

Table 116. Comparison of the effects of different androgens on the 
rat’s penis and capon’s comb (Tschopp, 1935) 


Androgen 

Amoant of one- 
capon unit 

(r) 

Daily 

dose 

(r) 

Weight of 
penis 
(mg.) 

Weight of 
seminal vesicles 
(nig.) 

Androsterone 

60 

200 

65 

17 

Androstanedione 

100 

200 

92 

SI 

Androstenedione 

100 

200 

150 

285 


Clinical observations on man have proved that androgen in excess causes 
hypertrophy of the penis, and that a deficiency of androgen prevents its full 
development. Hypertrophy of the penis is a recognized consequence of treating 
boys for undescended testicle with gonadotrophin and so causing an increased 
supply of androgen. And in hypogonadism, in which the external genital organs 
remain infantile after the age of puberty, the administration of androgen will 
cause their enlargement. 

In the female most of the constituents of the penis are present in rudimentary 
form, and in some animals, including rats and mice, the urethra opens normally 
in the female at the tip of a small replica of the male penis. Under the influence 
of androgen this female penis can be changed into a structure almost, and perhaps 
quite, indistinguishable from the penis of a male. The first observation of this 
fact was made on female guinea-pigs which had been spayed and grafted with the 
testis of a littermate. 
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Steinach (1916) performed a number of such experiments «n ^aiiiica-pigs. In 
the following year Lipschiity, (1917), when examining one of Steinacifs guinea- 
pigs which had been spayed and grafted with the testis of a littennate, noticed 
that its clitoris had develop<*d into an organ reseinhling a bypospadiac penis, 
carrying two horny styles like those of a normal male. This consequence of 
inserting testicular grafts into females has been con, firmed by Sand ( 191911, b) 
in guinea-pigs and rats, I\Ioore (1921) in guinea-pigs, „Ronit‘is (1923I in, the 
guinea-pig and dog. Occasionally the developmeut of an organ resembling a 
penis occurs spontaneously in the female guinea-pig (Lipschiit/, 1917). 

The same abnormality in some degree has been induced in the females of 
various animals by the administration of androgen. Wiesner 1 19351 caused the 
phenomenon in rats with androsterone, Dantchakuit 1193719 i93S£i) in the 
guinea-pig with testosterone, Korenchevsky ^ Hall (1937) and Korenchevsky, 
Dennison & Eldridge (1937) in rats with testosterone, testosterone propionate, 
androstenedione and androstenediol, Zuckerman (1937 a) with testosterone pro- 
pionate in the ape, and Burns (1939 a) with testosterone propionate in the 
opossum. 

The conversion of the female clitoris into an organ like the penis by the action 
of androgens is not limited to a general hypertrophy of tissues which otherwise 
retain their fenninine characters. The enlargement may be accompanied by 
structural and functional alterations of such a pronounced character that the 
female is enabled to copulate with other females (Raynaud, 1938(2, i). 

It will be convenient to discuss separately and in succession the changes pro- 
duced by androgen on the different components of the penis and clitoris. 

(a) The relationship between the prepuce and the glam. In many species (e.g. 
rabbit, cat) if a male is castrated when young the prepuce remains adherent to 
the glans penis in spite of the fact that the balanopreputial epithelial partition is 
present and well developed (Richon & Jeandelize, 1903; Retterer & Lelievre, 
1912, 1913). This epithelial partition has been described by Retterer & Lelievre 
(1913) as an invagination. R. H. Hunter (1935), when studying the human 
foetus, came to the conclusion that the fold is not an ingrowth. At first, he says, 
the glans penis is naked and the prepuce gradually extends over it, remaining 
adherent to it. In whichevTr w’ay it forms the balanopreputial fold consists at 
an early stage of a layer, only a few* cells thick, of embryonic epidermis. At a 
period of development which is not the same for all species, this tissue becomes 
changed into a stratified, squamous epithelium. Later the cells of the middle 
layer of this epithelium, that is to say the cells farthest from the basement, under- 
go keratinization and the keratinized cells no longer adhere to each other, so that 
the layer of epithelial cells covering the glans becomes gradually separated from 
the layer of cells lining the foreskin (unpublished observations by the author). 
In the human child this process is usually completed or nearly completed at birth. 
During the circumcision of young babies areas in which the separation has not 
been quite accomplished are occasionally apparent, so that a little bleeding is 
caused w*hen the prepuce is freed from the glans. In some animals the separation 
occurs only at a more advanced stage of life, and it has been noticed in such cases 
that an early castration will prevent the separation from taking place. According 
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to Retterer & Lelievre (1913) the prepuce remains adherent to the glans as a rule 
in the ox, and in the castrated cat also if the gonads are removed soon enough 
after birth. The part played by androgen in the separation of the prepuce from 
the glans has been indicated by Raynaud & Lacassagne (1937). In the mouse, 
they say, the separation between prepuce and glans is not completed until about 
the 46th day after birth, and the separation does not take place normally in 
females nor in castrated males. If, however, testosterone be given to normal 
females or castrated males, separation of the balanopreputial fold will ensue as in 
the normal male. The same result follows the administration of androgen in rats 
and cats. Hall (1938) has made similar observations in rats. The writer has con- 
firmed these findings in rabbits, rats and mice. Zuckerman (1937^2) has reported 
that 25 mg. of testosterone propionate given twice a week to a female monkey of 
5*2 kg. caused hypertrophy of the clitoris and a separation between the prepuce 
and glans. 

(b) The influence of androgen o?i the development of the glans penis and glans 
clitoridis, Wiesner (1935) gave daily injections of androsterone to female rats 
from 4 to 7 days old and killed them 3 weeks later. They showed enlargement of 
the clitoris, the presence of cavernous tissue, and hypertrophy of the epithelium 
of the glans. According to Hall (1938) in the clitoris of the normal adult female 
rat the exposed part of the glans is covered by a thin layer of squamous epithelium 
with small, dark nuclei. The glans contains no cavernous tissue. In rats deprived 
of their ovaries when young the prepuce remains fused with the glans. In the 
normal male rat the glans penis is free from the prepuce and is armed with 
numerous small keratinous horns which are not present normally in the female. 
Hall ( 1938) gave androgen for a period of 30 days to normal adult female rats and 
to adult female rats which had been spayed when 3 weeks old. The changes pro- 
duced in the glans clitoridis by this treatment, apart from an increase in size and 
a full separation from it of the prepuce, were as follows; {a) a conversion of the 
thin layer of atrophic squamous cells normally covering the exposed part of the 
glans into a thick, well-developed, keratinized epithelium, (b) the formation of 
keratinized papillae on the normally smooth clitoris, (c) an increase in the size of 
the blood lacunae in the stroma, and {d) an increased development of the muscular 
and fibrous components, the nuclei of the muscle cells being larger and the fibres 
thicker than in untreated females. These effects were produced by testosterone 
propionate, which was the most potent androgen used in the experiment, and 
by androstenedione and androstenediol. The simultaneous administration of 
oestrone or oestrone and progesterone together did not prevent these mascu- 
linizing effects of the androgens. Oestrone alone or combined with progesterone 
had no apparent effect on the clitoris. Dantcliakoff ( 193 8 a) gave a single injection 
of testosterone into the amniotic cavity of a female guinea-pig embryo 22 days 
after insemination. After birth five injections of 2 mg. each were given during the 
first 2 weeks of life. When 2J- months old there was no external sign that this 
animal was a female. It behaved as a male, copulating with normal females, and 
the structural details of its penis were similar to those of a normal male. 

(^) Development of an os clitoridis. In the normal females of some species a 
small os clitoridis has been observed. Retterer & Neuville (1913) have recorded 
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its occurrence in an adult lioness. The bone was relatively minute, its dimensions 
being 2 x 0-4 x 0*2 mm, IMost female cats, they say, have a tibroiis cord in the 
clitoris representing an os penis; in one, aged 3 years, they found by microscopical 
examination a small os clitoridis measuring 0*5 x 0*05 x 0“Ot mm. In male rats 
and mice an os penis is well developed, but is absent or at most vestigial in the 
females. 

Wiesner (19J5) observed the formation of cartilage in the clitoris of female rats 
which had been treated when between 4 and 7 days old with androstcrone; and 
Greene, Burrill &: Ivy ( 1938 b) and Turner, Haffen Stniett 1 1939') have noted 
the development of bone in the clitorides of rats whose mothers had been, gh'en 
injection,s of testosterone propionate during gestation. The writer lias csbstTved 
the same phenomenon in female rats and mice which have been siibjectrd to 
testosterone or testosterone propionate before or immediately after birth. An os 
clitoridis developed artificially in this w’ay, like other male organs induced by 
androgen in the female, does not subsequently disappear. 

(d) The urethra; hypertrc^hy and hypospadias. It seems that the penile 
urethra was primarily designed for the passage of semen and is therefore to be 
regarded as a male reproductive organ. Sir Richard Owen in a footnote to the 
works of John Hunter remarked that in Omithorhynchus and Echidna the urine 
escapes by the cloaca, the urethra mrving only for the passage of semen. 

The influence of the testis over the structure and functions of the urethra was 
recogiii2ed by John Hunter, who pointed out that in the castrated animal the 
periurethral glands are small, flabby, tough, and contain little secretion, whereas 
in the normal male they are large, soft and full of secretion. The normal condition 
is mainly due to a sufficient supply of testicular androgen, to which the urethral 
stroma appears very responsive. Freud & Laqueur (1934) noticed that an en- 
hanced growth of the periurethral tissues was evoked in immature male rats by 
doses of androgen which were too small to cause any obvious reaction in the 
seminal vesicles. 

A general hypertrophy of the urethra involving all its constituents is induced 
by androgen in normal males; and in castrated males androgen can restore the 
atrophied tissues toward normality. In females different results are produced 
according to the amount or potency of the androgen employed or the stage of de- 
velopment at which it is given, (r) With large amounts of androgen given pre- 
natally to rats or mice the penile homologue in the female develops into an organ 
resembling in strtictural detail the penis of the male, and the urethra has its full 
share in this transformation; (2) after smaller doses given before birth or during 
the first few postnatal days— before differentiation of the external genitalia has 
become finally established — there occurs a defect in the ventral wall of the distal 
part of the urethra, so that hypospadias,'* as it is called in human patht 4 og}\ is 
produced; (3) given at a later stage, when structural difi'erentiatioii has become 
complete, the smaller effective doses of androgen act in the same manner as the 
larger doses on the female urethra; that is to say, they* cause a general urethral 
hypertrophy, as in males, 

* In the female mouse and rut the urethra does not normally open at the le\ei of the vaL^inal 
outlet as in women, but at the tip of a column of tissue like a small penis. 
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Lipschiitz (1917) seems to have been the first to record the artificial prodnctiaa 
of hypospadias; he discovered it in a spayed guinea-pig into which the testis of 
a littermate had been grafted. Wiesner (1935) injected an androgenic compound 
(‘ Androkinin’ or Troviron') into young rats on the 4th, 9th and 13th postnatal 
days. In fiv^e of the females so treated hypospadias was caused. The urethral cleft 
appeared between the 7th and i ith days after birth. Hain (193S i) found that the 
administration of an androgenic testicular preparation (‘Hombreol’) in doses 
varying from 15 to 100 c,u. into pregnant rats towards the end of gestation caused 
hypospadias in the female offspring. In a second paper (1936) she reported that 
a total of 5 mg. of androstanediol given in divided doses at hourly intervals on the 
20th day of gestation caused hypospadias in all the female members of the litter. 
Greene & Ivy (1937) have observed a similar deformity in the offspring after the 
administration of testosterone to pregnant rats. The writer has seen hypospadias 
in mice as well as in rats as the consequence of testosterone given to the pregnant 
mothers or directly to the offspring soon after birth. It is of interest to note that 
this urethral deformity may be caused by oestrogen (Hain, 1935^; Lacassagne, 
1936^) and progesterone (Burrows, 1939 0 by androgen. 

According to Ruth (1934) the urethra in the male rat is completed only a short 
while before birth. On the 20th day of gestation the penile part of the urethra in 
this animal is completed only in the proximal two-thirds, being closed ventrally 
by a thin wall of flattened epithelium only two cells thick. Androgen given just 
before birth, or within the first few postnatal days, appears to prevent the com- 
pletion of this ventral wall and perhaps to reopen the terminal portion that has 
already formed. 

Hypertrophy of the clitoris and hypospadias may occur spontaneously in 
animals. Lipschiitz (1927 b) observed a number of female guinea-pigs in which the 
clitoris was replaced by a structure like a penis. The ovaries in these cases were 
normal in appearance and wLen grafted into males produced the usual effects on 
the mammae. Removal of the ovaries did not lead to any change in the abnormal 
clitorides of these females. The deformity in these guinea-pigs was hereditary. 
The writer has seen instances of spontaneous hypospadias in untreated female 
mice. 

{e) The musculature of the penis. The muscles of the penis are particularly 
sensitive to gonadal hormones. Castration, or the administration of oestrogen, 
will cause them to undergo rapid atrophy, so that they become wasted, pallid and 
toneless. After castration these muscles can be restored almost to a normal con- 
dition by the administration of androgen. The matter has been studied in detail 
by Wainman & Shipounoff (1941), who castrated rats per abdomen when 60 days 
old, and killed them 6 weeks later. To some of these rats 5007 of testosterone 
propionate were given daily for 35 days before death. In the castrated but other- 
wise untreated animals the bulbocavemosus, ischiocavernosus and levator ani 
muscles were all atrophic, the most conspicuous histological feature being a 
decrease in the width of the muscle fibres. These changes had not occurred 
in the rats which, though castrated, had been treated with testosterone. In 
noti-castrated rats, testosterone caused hypertrophy of the perineal muscles; and 
these structures became greatly increased in size in immature spayed females 
under the influence of testosterone propionate. The results are given on p. 229. 
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Condition of rat *A\'ertge weight of perineal muscles (mg. i 

Castrated 279 

INfonnal i,aii 

Kormal and gi\*en testosterone propionate 

Action of Androgen on the Nipple and Mamma 

(i) The Nipple. If giv’en in the embn'onic stage of life androgens retard the 
development of the nipples or suppress their appearance. Hamilton & Gardner 
(1937) examined ten adult female rats whose mothers had received daily sub- 
cutaneous injections of 5007' of testosterone propionate diiring the last third of 
pregnancy. In these rats some of the nipples were absent and others were 
markedly underdevekped though the maramar}’ glands were nearly normal. 
Raynaud (19381:) made a similar obser\*ation on mice whose nujthers had been 
treated 'with testosterone propionate during the last few days of pregnancy. 

The elFects of androgen on the nipples in postnatal life, it seems, are ditferent; 
at thi§ period instead of arresting or retarding their development, androgen may 
encourage their growth. Bottomley & Folley (1938 a, c) showed that the enlarge- 
ment of the nipples in the male guinea-pig before puberty depends on the testes, 
after removal of which they ceased to grow; these workers also found that the 
administration of androgen to immature guinea-pigs provoked a more rapid en- 
largement of the nipples than occurred in controls. They estimated the rate of 
growth of the young male guinea-pigs^ nipples to be isometric with the rate of 
hody-growth. Using this fact to check their results they discovered that several 
androgens, including A^-fr^j^sandrostenediol, testosterone, A^-/r«ns*dehydro- 
androsterone and 17-methyltestosterone, promoted growth of the nipples, the 
first of these being the most potent. Cfrandrosterone, nrandrostanediol, dihydro- 
testosterone and A^-androstenedione did not have this effect. The rate of enlarge- 
ment of the nipples caused by testosterone propionate was, they noted, greater 
in non -castrated than in recently castrated guinea-pigs. Jadassohn, Uehlinger & 
Alargot (1938) also found that the nipples of the male guinea-pig became enlarged 
under the influence of testosterone propionate, androsterone, androstenedione 
and androstanedione. A similar effect, they remark, is caused by oestrone, 
equilin, equileiiin, adrenosterone and corticosterone. Xohle ( 1939) spayed a 
number of adult rats and 10 days later started treating them with testosterone 
propionate, givingyo mg. during 28 days. This caused hypertropliy of the nipples 
and mammae. In hypophysectomized rats whether spayed or not spayed similar 
treatment with testosterone propionate caused hypertrophy of the nipples with 
atrophy of the mammae. The action of this androgen on the nipples seems there- 
fore, in contrast with its action on the mammae, to be direct and independent of 
pituitary or ovarian influence. 

(ii) Gnrccth of mammary ilucis. Androgens in moderate amount appear to 
stimulate development of mammary ducts. It may be, as with oestrogens, that 
larger quantities have a stunting effect. However, it is not yet easy from experi- 
mental records to detine clearly the action of androgen on the breast. With the 
exception of Astwood, Geschickter 8: Rausch (1937), who experimented xvith 
immature male and female rats, and Van Wagenen A: Folley (1939a, ft), who used 
spaved immature monkeys, most investigators have noted st3me extension of the 
mammary duct system under the inffuence of androgen whether in mature or 
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immature, castrated or n on-castrated, male or female animals. Such an effect has 
been recorded by Van HeuversAv^, Folley & Gardner (1939) and Lewis, Turner 
Sc Gomez (1939) in the mouse. Nelson & Gallagher (1936) and Noble (1939) in 
the rat, Bottomley & Folley (1938^) in the guinea-pig, and Folley, Guthkelch Sc 
Zucherman (1939) in the monkey. In nearly all these instances the duct pro- 
liferation is reported as slight. 

Possibly some androgens are more effective than others in stimulating growth 
of the mammary ducts and acini. Nelson & Gallagher (1936) gave i mg. of 
androstanediol daily to spayed rats for 30 days ; these doses caused a complete 
development of the ducts, some acini also being present. 

Among the androgens which have been observed to cause extension of the 
mammary ducts are testosterone and testosterone propionate (0*2 to 2 mg. daily 
to spayed rats), A^-fmwandrostenediol, 17-methyltestosterone, and K^-trans- 
dehydroandrosterone (2 mg. daily to spayed guinea-pigs). Nelson Sc Gallagher 
(1936) found that androsterone given in daily doses of i mg. to spayed rats for 
30 days had no influence on the mamma. 

Lewis, Turner & Gomez (1939) induced slight arborization of the mammary 
ducts in mice by o* i mg. of testosterone propionate given daily for 25 days. With 
daily doses of 0*2 mg. during the same period a considerable growth of the 
mammary ducts was obtained. Van Heuverswyn, Folley & Gardner (1939) gave 
subcutaneous injections of various androgens to young castrated and non- 
castrated mice. The injections were given every other day for 16 days, at the end 
of which the mice were killed. Examination of the mammae showed an extension 
of the ducts. This effect was produced by androstenedione, testosterone, dehydro- 
androsterone, mandrosterone, A^-jfr^zTzrandrostenediol. When considering such 
results it has to be remembered that the reaction of a responsive tissue to a 
hormone may depend largely on the dosage (v. p. 332). 

(iii) Growth of alveoli. As to the action of androgen in causing the develop- 
ment of mammary alveoli there appears to be no doubt ; the effect has been re- 
corded by McEuen, Selye & Collip (19365), Collip, McEuen Sc Selye (1936), 
Nelson & Merckel (1937), and Reece & Mixner (1939), in addition to the 
workers whose names have been mentioned above. The last-named workers 
spayed thirty-six mature rats and removed one mamma from each. Thereafter 
one of every pair of rats was given 20oy of testosterone propionate daily for 
15 days by subcutaneous injection, while its fellow remained untreated. On the 
1 6th day the rats were all killed and those which had received testosterone pro- 
pionate showed, in contrast to their fellows, an extensive alveolar system with 
mammary secretion. Their pituitaries showed an increased prolactin content of 
40 per cent, as tested on the pigeon’s crop gland. 

G. L. Laqueur (1943) gave testosterone propionate in varying doses to young 
adult virgin rats and found that if the treatment was started during oestrus it 
caused proliferation of the mammary acini together wnth hypertrophy of the 
corpora lutea, enlargement of the uterus and mucification of the vagina. Laqueur 
suggests that the primary effect of androgen in this experiment had been to cause 
functional activity of the corpora lutea and a consequent formation of proge- 
sterone. 

(iv) Formation of secretion other than milk. In addition to these effects on the 
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mamma maay inquirers have noticed that androgens provoke secretion in the 
mammary gland. This occurrence has been obser\’ed by Selye, McEiien & Collip 
(1936), and Reece & ^Mixner (1939), niale and spayed female rats, and by Van 
Wagenen & Folley (1939 b) in the immature spayed monkey. The secretion is 
not milk and its production cannot be described as lactation. 

(v) Inhibition of lactation. Androgens, like oestrogens, will suppress lactation, 
possibly by checking the output of lactogen from the pitnitaiy\ Robson (i937r) 
found that daily injections of o-i mg. of testosterone propionate stopped lactation 
in the mouse, though suckling and maternal solicitude were not interrupted. 
Similar doses of androsterone had but little inhibitor)' effect on lactation as judged 
by the growth of the young. Folley & Kon (193S) have recorded the arrest of 
lactation in rats, in which testosterone propionate in daily doses of 0*4 nig. per 
100 g. of body-weight prevented the production of enough milk to noiirisli the 
young. Daily doses of androsterone (0*3 nng. per 100 g. of bodvnveight) had no 
obvious effect on lactation in their experiments. The arrest of lactation by testo- 
sterone has been observed in women. By means of testosterone propionate 
Kurzrok & 0 ^ Connell (1938) arrested lactation in all but one of twenty-one 
women. The dosage varied from 50 to 100 mg. given in divided doses of 10 to 
25 mg. each. Usually the treatment was begun on the 3rd day of the puerperium 
or later. In the single instance in which the treatment failed the administration 
of testosterone had been started on the ist day of the puerperium. Fortes, 
Dalsace & Wallich (1939) three injections of 10 mg. of 

testosterone acetate were enough to stop milk production in each of eight women 
submitted to the treatment. Beilly & Solomon (1940) have recorded the results 
obtained in 108 women and state that 25 mg. of testosterone giA'en 3 times at 
intervals of 12 hours completely suppressed lactation in 66 per cent and caused 
partial suppression in 29 per cent of the cases. 

Prevention of mammary cancer. Attempts to prevent cancer of the breast by 
givdng androgen will be discussed later (p. 367). 

The influence o f the pituitary in the mammary responses to androgen. Apparently 
the influence of androgen on the mamma, unlike that on the nipple, is indirect, 
working through the pituitary'. AIcEuen, Selye & Collip (1937) removed the 
pituitaries from rats varying in age from 3S to 42 da\'s old and thereafter gave them 
daily subcutaneous injections of 2007 of testosterone. The rats were killed after 
19 days of this treatment and examined. No sign of stimulation of the mammae 
was found. In another group of hypophysectomized rats treated in the same way* 
with testosterone but given a pituitary' extract in addition, the mammae had under- 
gone progressive development. Noble (1939) found that 2 mg. of testosterone 
propionate given daily to spayed rats caused extension of the mammary ducts and 
the cievelopment of alveoli, but these results were not produced if bypophy'sectoiiw 
had been done previously. Reece Sc Leonard {1942; see also Leonard S: Recce, 
1942) spayed and hypophysectomized adult rats and then beean to give daily' 
doses of 3007 of testosterone alone to some of the rats and combined with pituitary' 
extract to the others. These doses were continued for 15 day's, at the end of which 
the rats were killed. In those which had received testosterone propionate alone 
the mammae had involuted, whereas in those which had been given in addition 
pituitary extract the breasts showed a well-developed alveolar system. 



Chapter X. The Actmi of Androgen o?i Tissues and Organs 
other than those already dealt with 

Adrenal. Kidney. Liver. Pancreas. Thyroid. Parathyroid. Thymus. Salivary gland. Skin. 
Skeleton, bodyvveight and muscular system. Fat. Production of Sarcoma. 

The Adrenal 

A SEXUAL dimorphism in the adrenals has long been recognized, and there is 
little doubt that the differences between male and female adrenals depend mainly 
on the action upon them of gonadal hormones. 

[a) Weight of adrenals. After removal of the testes the adrenals become en- 
larged. Korenchevsky (1930) castrated rats, usually between the 23rd and 33rd 
day of life, and after intervals of 77 or 1 82 days weighed their adrenals and com- 
pared them with those of littermate controls. In another series, instead of cas- 
trating the rats he made them cryptorchid. It will be seen in Table 117 that 
castration was followed by enlargement of the adrenals, and that cryptorchidism 
had no such effect, the adrenals in this condition being slightly smaller than those 
of intact control animals. 

Table 117. The effects of castration and cryptorchidism on the . 
weight of the rat’s adrenal (Korenchevsky, 1930) 

Intact controls Cryptorchids Castrates 

Average weight of adrenals in mg. per 200 g. 37*4 34*5 45*3 

of bodyweight 

The increase in the size of the adrenals following castration in the rat 
appears to be confined to the cortex. Excision of the ovaries has no such effect 
and the post-castration enlargement can be attributed almost with certainty to 
the deprivation of androgen caused by removal of the testes. 

Several experimenters have showm that androgens cause a diminution of the 
weight of the adrenals, this effect being more readily produced in young than in 
old rats (Korenchevsky & Hall, 1939). The effect is seen in castrated and non- 
castrated males, and spayed and non-spayed females. Korenchevsky, Hall & 
Ross (1939) castrated male rats when between 22 and 25 days old and thereafter 
gave them injections of androsterone or testosterone propionate on 5 days a 
week in amounts totalling 7*5 mg. in a week; in addition they gave to some of the 
rats oestradiol dipropionate on 3 days a week, totalling 0*090 mg, in the 7 days. 
The results (Table 118) show that castration without further interference is 
followed by enlargement of the adrenals and that this enlargement can be pre- 
vented by giving androgen ; it can be seen also that the action of androgen in 
reducing the weight of the adrenals can be prevented by oestrogen. In similar 
circumstances Korenchevsky, Dennison & Simpson (1935) obtained comparable 
effects on the rat’s adrenal with androstanediol. 

Mazer & Mazer (1940) did the same kind of experiment on female rats. 
Ordinarily the size of the adrenal is little if at all affected by removal of the 
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ovaries. As will be seen (Table 119) the administration of testosterone propionate 
in daily doses of 2 mg. to spayed rats was followed at the end of 8 days by a 
considerable reduction of the weight of the adrenals. 


Table n8. The effect of androgen on the weight of the adrenals in the 
castrated rat (Korenchevsky, Hall & Ross, 1939) 

A\''tTage weiKht of adrenals 

C ondition of rat ( ni g. ) 


^Normal controls 5 3 

Castrated 74 

Castrated and given androsterone 50 

Castrated and given androsterone plus oestradiol 
Castrated and given testosterone propionate plus oestradiol 
dipropionate 


Ta.ble 1 19. The effect of testosterone propionate on the adrenals of 
spayed rats (Mazer & Mazer, 1940) 

Average litxight of adrenals 


Condition of rats (nig.) 

Intact and untreated controls 40 

Spayed 35 

Spayed and given testosterone propionate 27 


We shall now have to consider in detail the effects of androgen on the different 
anatomical components of the adrenal. 

(i) The demarcation zone. Hall Sc Koreachevsky (1937, 1938) have given the 
name "demarcation zone’ to that part of the rat’s adrenal where the glomerular 
and fasciculate zones meet. The demarcation zone, they say, consists of i to 
4 rows of cells which are smaller than those of the zona fasciculata and zona 
glomerulosa, and contain few if any vacuoles. The zone, they say, is most con- 
spicuous in sections stained with Scarlet Red, the cells being almost free from 
lipoid granules. i\fter castration, they find, this zone disappears because its cells 
become vacuolated and impregnated with lipoid granules. The administration of 
androgen is followed by a reappearance of the demarcation zone in castrated rats, 
a sequel which they have observed after the use of androsterone, testosterone, 
androstanediol, androstenedione and /ra/isdehydroandrosterone. 

(r) The X zone. The A" zone is a striking feature of the adrenal in the im- 
mature mouse and in man and some other species in early life (p. 3S5 ). It is 
formed by that part of the cortex which abuts on the medulla, and consists of cells 
Avhich are stained more deeply by eosin and contain less cytoplasm than those of 
the remainder of the cortex. In natural circumstances this zone disappears in 
male mice when they are between 50 and 40 days old; in the female it persists 
longer but disappears rapidly if the mouse becomes pregnant. If males are 
castrated when young the -V zone persists. 

Martin ( 1930) reported that "male hormone’ caused a disappearance of the A' 
zone in mice. This fact has been established b\' later experiments in which pure 
androgens were used. Deanesly & Parkes (1937c) castrated mice u hen they were 
21 days old and thereafter gave to some of them daily doses of androgen. By this 
experiment they verified (t/) the persistence of the A’ zi>ne in castrated mice, and 
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(b) its disappearance under the influence of androgens. The compounds and daily 
doses which showed this effect were testosterone (807), androstanediol (i 607), and 
fr^^/z^androstenediol (2507). Starkey & Schmidt (1938) found that daily injec- 
tions of 757 or 1007 of testosterone caused a disappearance of the X zone within 
6 days in adolescent and adult nulliparous female mice whether intact or spayed, 
and in young normal or adult castrated males. Confirmatory observations on 
mice have been recorded by Tolenaar (1939) and Howard (1940). 

(d) Zona reticularis and zona fasciculata. -Although the rat differs from the 
mouse in not possessing a conspicuous X zone during infancy, the changes under- 
gone by the adrenal of the adult rat under the influence of androgen seem to be 
identical in character with those induced in mice. According to Hall & Koren- 
chevsky (1938) the reticular and fasciculate zones in the rat become enlarged 
after castration chiefly because of increased lipoid in the cytoplasm (Table 120). 
The administration of androgens, including androsterone, testosterone, andro- 
stanediol, androstenedione andifmwdehydroandrosteroneto castrated rats, caused 
a return of the hypertrophied fasciculate and reticular cells to normal with a 
reduction of lipoid granules in their cytoplasm. 

(e) Zona glomerulosa. In Table 120 there is no evidence that the glomerular 
cells were affected by castration, and very little has been said about their response 
to androgen. Selye (1939 has noted that 5 mg. of testosterone propionate given 
daily for 20 days to adult mice of the dba strain caused a diminution in the size 
of all three components of the adrenal cortex, including the glomerular zone, the 
shrinkage being caused by a decreased volume of cytoplasm. 

Table 120. The effect of castration on the components of the rat's 
adrenal (Hall & Korenchevsky, 1938) 


Average Width of structures 

weight of ^ 


Condition 

adrenals 

Glomerulosa 

Fasciculata 

Reticularis 

Medulla 

of rat 

(mg.) 


(/^) 

(/>^) 


Normal 

53 

67 

585 

34-2 

1.35° 

Castrated 

73 

67 

668 

415 

1.459 


(/) The medulla. In Table 120 it will be noticed that the medulla in the 
castrated rat’s adrenal is larger than normal. In experiments on mice the adrenal 
medulla has been reported to he reduced in size after castration. Whether these 
are chance results or not may be laid aside for the moment. Little has been said 
about any effect on the medulla by most of those who have studied the effects of 
castration and of gonadal hormones on the adrenal. Cramer & Horning (1937^) 
say that testosterone propionate given in i mg_ doses 3 times a week to castrated 
male mice or to sexually mature young females, whether spayed or not, causes an 
increase of the medulla together with a disappearance of the X zone. Absence of 
male hormone, they say, is accompanied by a diminution in the number of 
medullary cells fully charged with adrenaline. They state that the X zone which 
appears after castration consists mainly of medullary cells which have been 
temporarily inhibited from forming adrenaline. By fixation with osmic acid vapour 
the adrenaline of the medullary cells is rendered visible as osmophil granules. 
Apparently in the normal male mouse all the medullary cells are fully charged 
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with adrenalin. After castration the adrenalin granules are diminished in number 
or completely disappear from the peripheral part of the medulla. 

To avoid confusion of thought it must be borne in mind that Cramer & 
Horning include in the A" zone the peripheral part of the medulla deprived of 
adrenalin together with a zone of cells derived from the cortex. .Most xvriters, we 
believe, w’-ould define the .Y zone as consisting of cortex only. 


The Kidney 

Korenchevsky &: Dennison ( 1934), while investigating the etTects of androgen on 
various organs in male rats, observed that the kidneys were increased in weight. 
The rats were castrated when between 21 and 30 days old. After an interv al they 
were given daily doses of 1-5 cai. of an unspecified androgen for z 1 days and then 
killed. Under this treatment an increase of 13 per cent in the average weight of 
their kidneys was noted, comparison being made with castrated but otherwise 
untreated controls. The addition of 180 i.u.of oestrone to each dose of androgen 
caused an enhanced kidney-weight of 28 per cent. The same effect of androgen 
on the kidney has been observed in normal and spayed female rats (Korenchevsky 
8l Ross, 1940). 

Selye (1939 a, b) reported an enlargement of the mouse’s kidney under the 
influence of androgen and defined certain histological changes which accompanied 
the enlargement. He gave 0*5 mg. of testosterone propionate daily for 10 days, 
and then i mg. for 6 days, the mice being killed on the 17th day. The increased 
size of the kidneys he found was due to hypertrophy of the epithelial cells of the 
proximal and distal convoluted tubules. No change was seen in the glomemli but 
the normally thin layer of epithelium covering the parietal surface of Bowman’s 
capsule was hypertrophied, the cells being cylindrical or cuboidal instead of flat. 
Crabtree (1940) has reported a difference between the kidneys of normal male 
and female mice. The difference concerns the histology of Bowman’s capsule. 
As usually described both the parietal and visceral layers are lined by flattened 
epithelium, but this description is not quite correct, for in some of the capsules, 
while the glomerulus is covered by a thin, flat epithelium, the parietal layer of the 
capsule, either wholly or in that part which is contiguous with the tubules, is 
lined by high cuboidal cells. In normal adult males 89 per cent, and in adult 
females 13 per cent, of the capsules are of this tv’pe, Crabtree says. In young 
males and females he gives the proportions as 25 per cent and 13 per cent re- 
spectively. Pfeiffer, Emmel & Gardner (1940) hav’e reported an increased kidney- 
weight in mice following treatment with androgen and in these circumstances the 
extension of tubular epithelium into the parietal lamina of Bowman's capsule is, 
they sav, often seen. Testosterone propionate alone caused an increased kidney - 
weight up to 35 per cent above the normal. The addition of oestradiol alone 
caused a slight increase, and when given together with testosterone caused the 
kidneys to weigh more than if the androgen had been given alone. 

Korenchevskv ^ Ross (1940) have noticed another change in the kidneys of 
rats under treatment with androgens, namely an increase in the luinina of the 
tubules in addition to hypertrophy of their epithelium. 
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The ejfect of androgen on the excretion of water and electrolytes. References 
have been made on other pages to resemblances between the biological actions of 
gonadal hormones and adrenal cortical hormones. Although androgens do not 
display this kind of similarity very forcibly yet it can be traced. Unlike proge- 
sterone, androgens have little power to maintain life after adrenalectomy. Gaunt 
& Hays (1938) tested their capacity in this respect on adrenalectomized ferrets, 
to which 5 or 10 mg. of testosterone propionate were given daily. The animals 
so treated survived for 13, 12, 8 and ii days respectively, thus showing a slight 
prolongation of life, for without treatment ferrets die, on the average, in 6 days 
after adrenalectomy. 

There can be no doubt as to the influence of androgen in causing an accumula- 
tion of water in special localities in the body. Berdnikoff & Champy (1934) 
showed that the cock’s comb has a much higher water content than the capon’s 
comb. In the uterus, too, androgens cause a retention of water. Selye & Fried- 
man (1940) gave daily injections of 3 mg. of testosterone propionate to rats which 
had been spayed the day before the treatment began. At the end of 9 days the 
uteri were slit longitudinally, and 5 days later they all showed gelatinous endo- 
metrial tumours at the site of trauma. These tumours recall histologically the 
cock’s comb, the swollen sex-skin of the monkey, and the myxoma-like condition 
surrounding the terminal ends of the vasa deferentia in mice which have been 
subjected to oestrogen. Retention of water seems to be a leading feature of these 
conditions. 

The effects of androgen on the metabolism of water and electrolytes, as shown 
by analysis of urine, have been investigated by Kenyon, Knowlton, Sandiford, 
Koch Sc Lotwin (1940). They gave intramuscular injections of 25 mg. of testo- 
sterone propionate twice daily to men and women. These injections were followed 
by an increase in the bodyweight and a reduction in the urinary output of nitrogen, 
sodium, potassium, chloride, creatine, inorganic phosphorus and water. These 
effects were reversed on stopping the doses of testosterone. The androgen did not 
affect the metabolic rate, respiratory quotient, pulse rate or blood pressure. 

The Liver 

Korenchevsky & Dennison (1934) gave 1-5 c.u. of a testicular androgenic pre- 
paration daily to castrated male rats for 21 days. At the end of this time their 
livers were larger than those of castrated control rats. Expressed as mg. per 200 g. 
of bodyweight, the ratio was 814: 684. The injection of 180 i.u. of oestrogen 
simultaneously with the androgen did not affect the result. In a later experiment 
Korenchevsky, tiall, Burbank k. Cohen (1941) gave testosterone propionate to 
male and female rats in a dosage of 7*5 mg. per week. Under this treatment the 
weight of the liver in both males and females was increased (Table 121). 

Korenchevsky (1941) has reported cytological changes in the hepatic cells 
caused by androgens. These changes, he states, are recognized by the number 
and size of basophile granules which are present in the cells of the liver and can 
be demonstrated by selective staining. The granules, he says, are coloured by 
Millon’s reagent, are digested by pepsin and hydrochloric acid, are numerous and 
large in animals well fed with proteins or aminoacids, and small and few in 
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animals "which have been starv’ed or fed on a diet rich in fat. They are more 
numerous, it appears, in males than in females. Gonadectomy, whether in the 
male or female, causes a reduction in the size and number of the granules and of 


Table 121. The effect of testosterone on the weight of the Ih’er and 
abdominal fat in the rat (Korenchevsky, Hall, Burbank & Cohen, 1941) 


Condition 


Amount of testo- 
sterone propionate 
given per week 

Weight of liver 
per 200 g. of 
bod> weight 

Weight of 
aixlomsiial fat per 
2cx5g. of IkkI weight 

of rat 

Sex 

(mg.) 



Normal 

Male 

0 

5 '05 


Castrated 

Male 

0 

5 "5 1 


Castrated 

Male 

7*5 

6-40 

0 

Normal 

Female 

0 

6 ’ I 

14 

Spayed 

Female 

0 

5 ’63 

14 

Spayed 

Female 

7*5 

6-75 

12 


the total weight of the liver also. In such a condition, androgens, Korenchevsky 
says, will cause a return of the granules to normal in size and number, and at the 
same time will increase the weight of the liver. 

Selye (193 9 13) found that 5 mg. of testosterone propionate gi\Tn daily to mice 
for 20 days did not alter the weight of the liver; The two experiments are hardly 
comparable because the dosage in Selye’s experiment is much above that used 
by Korenchevsky. 

Using large doses (50 mg.) Gaunt, Remington & Edelmann (1939) did not find 
any increase of the Iwer glycogen in rats after the injection of testosterone 
propionate. 

The Pancreas 

Rathery & Turiaf ( 1938) castrated 5 guinea-pigs weighing between $00 and txx) g. 
and killed them at interv^als of 1 2 to 79 days later. In all they found a hyperplasia 
of the islets of Langerhans. To another batch of guinea-pigs they gave daily in- 
jections of 2*5 mg. of testosterone propionate for ro days and killed them on the 
day after the last dose. No hyperplasia of the islets of Langerhans was present in 
these. They say that testosterone reduced the blood sugar in animals whether 
they had been depancreatized previously’ or not. Cornil, Paillas & RosanofF 
(1938) gave daily subcutaneous injections of 10 mg. of testosterone propionate 
for 14 days to each of four dogs weighing between 4 and 5 kg. At the end of this 
time pancreatic lesions were found in all, the islets of Langerhans having almost 
completely disappeared. No changes were found in the rest of the pancreas. 

The Thyroid 

The effects of castration and cryptorchidism on the weights of varicnis organs 
were investigated by Korenchevsky (1930). He castrated rats or made them 
cryptorchld soon after weaning and after considerable intervals killed them and 
compared their organs with those taken from intact controls. 1 le found that both 
cryptorchidism and castration caused diminution ot the fhyToid in about an equal 
degree (Table 122). 

The reverse of this experiment was done by Benoit ^ Aron (1934!, who studied 
the effect of thyroidectomy on the testes. Ducks and cocks were deprived of their 
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thyroids, laparotomy being performed at the same time to record the size of their 
testes. From the time of the operation the testes shrank rapidly so that at the end 
of 20 days they had lost nine-tenths of their volume and had ceased to form 
spermatozoa. Benoit (1937) in later experiments found that thyroid feeding or 

Table 122. The effect of castration and cryptorchidism on the weights of the 
thyroid, adrenal and pituitary glands, the penis, prostate and seminal vesicles 
(Korenchevsky, 1930) 


(Weights of organs are expressed in mg. per 200 g. of body\^"eight.) 


Condition 
of rat 

Adrenal 

Thyroid 

Pituitary 

Prostate and 
seminal vesicles 

Penis 

IMormal 

47-4 

27*1 

8-S 

1,386 

222 

Cryptorchid 

48*6 

33*1 

8-7 

1,062 

23S 

Castrate 

64-4 

22*7 

ii-S 

76 

71 


injections of thyroxin stimulated into activity the gonads of immature male 
ducks, and that pituitary implants from thyroidectomized ducks which had been 
subjected to abnormal illumination showed little gonadotrophic effect on mice as 
compared with implants taken from ducks similarly illuminated but with their 
thyroids intact. 

The close association between the thyroid and the gonads which the foregoing 
observations reveal appears to depend on the pituitary. Kippen & Loeb (1936) 
say that gonadectomy performed on male or female guinea-pigs causes an in- 
creased production of thyrotrophin by the pituitary, which in turn leads to pro- 
liferative activity in the thyroid. This consequence, they noted, was less obvious 
when immature guinea-pigs were used for the experiment. 

The effect of a pure androgen on the thyroid has been examined by Selye 
(1939^), who gave 5 mg. of testosterone propionate daily to adult mice for 20 
days. This treatment caused some enlargement of the thyroid, in which the epi- 
thelium was increased in height, while there was a reduction in the amount of 
colloid present. Nathanson, Brues, & Rawson (1940) tested the effect of androgen 
on the thyroid by the colchicine method. They gave single doses of testosterone 
propionate to young rats weighing between 40 and 48 g. Twelve hours later, or 
after longer intervals, colchicine was given (0*05 mg. per 50 g. bodyweight). The 
rats were killed 12 hours after this injection. Microscopical specimens of the 
thyroids showed an increase of mitosis together with increased functional activity 
in the thyroid epithelium. 

The Parathyroid 

The only reference we have to the action of androgen on the parathyroids is that 
contained in the paper of Nathanson, Brues & Rawson to which we have just 
referred. They found that the rat’s parathyroid like the thyroid showed increased 
mitosis and functional activity after a single dose of testosterone propionate. 

The Thymus 

Chiodi (193S, 1939) castrated rats which 'were 80 days old, and later compared 
their thymus glands with those of non-castrated rats of the same age. The experi- 
ment showed that castration led to an increase in the weight of the thymus as 
compared with that of a normal rat, the average weights of the gland in the two 
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groups which showed the greatest difference being 4.45 nig. in the castrates and 
240 mg. in the controls. 

Androgens cause a reduction in thesiiie of the thymus. Korenchevsky and his 
colleagues (Korenchevsky, Dennison & Kohn-Speyer, 1932; Koreiiclievsky & 
Dennison, 1934; Korenchevsky, Dennison &: Eldridge, 1937; Korenchevsky, 
Hall & Ross, 1939) tested the effect of androsterone, /ramdehydroandrosterone, 
testosterone and testosterone propionate on rats and found that all these hor- 
mones accelerated involution of the thymus — a property which they share with 
oestrogens. This effect has been recorded also by Schacher, Browne. & Scdve 
(1937) and Reinhardt & Wainman (1942). 

The Submaxillary Salivary Gland 

Lacassagne(i94o) has described a sexual dimorphism of the subniaxillaiy saliva ly* 
gland in the mouse. The gland consists of (i) aa«i composed of cells with a cyto- 
plasm which is coloured faintly blue in sections stained with eosin and haema- 
toxylin, (2) a straight duct connecting these acini with (3) secretory tubuks whose 
epithelial cells contain acidophil granules; these secretory tubules teramnatc in 
(4) the excretory ducts, which have a similar character. The glandular acini, 
Lacassagne says, are developed to a comparable extent in males and females, 
whether spayed or not spayed. This part of the gland appears to be sexually 
neutral. In the male the secretory tubules predominate over the acini, in the 
female the acini predominate. Females treated with androgen tend to have 
glands resembling those of the male, and the salivary glands of the male under 
treatment with oestrogen tend to conform to the female tyj^e. The salivary glands 
of a normal male mouse, he says, weigh 65 mg., and those of a female 4S ing., and 
the average diameter of the secretory tubules in the male is 47/x as against 37^4. 
in the female. Castration or prolonged treatment with oestrogen much reduces 
the weight of the submaxillary glands and the diameter of their tubuks in the 
male. This change is reversible and two doses of 2*5 mg. of testosterone pro- 
pionate quickly restore the weight of the glands and the diameter of the tubules to 
normal, and if injections of androgen are continued the submaxillar}’ glands will 
become hypertrophied. In these respects the rat’s salivary glands resemble those 
of the mouse. 

The Skin 

{a) General effects on skin; hairiness, acne. The influence of gonadal hormones 
on the skin seems to hav’e had relatively little attention from laboratory w orkers, 
and for our knowledge of the subject we have to depend largely on clinical ex- 
perience. Simple observation tells us that in normal man the texture uf the skin 
and hair, and the distribution of the latter, are different in the two sexes. Know - 
ledge gained from individuals in abnormal conditions — from men who pridiice 
too little androgen because they have been castrated or are the subjects ot hypo- 
gonadism from some other cause including old age. and women who inanitesi 
virilism because they are subjected to an excess of androgen — suggests that 
androgens have a stimulating effect on the growth of epidermal structures, 
especially in certain regions of the body, including the face, dhe adiiiiiiistratioii 
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of androgen to a woman for a therapeutic purpose has been known to cause an 
excessive growth of hair. 

Youths, at the approach of manhood, are apt to suffer from acne, an inflam- 
mator}' condition of the hair follicles which accompanies the stronger growth of 
hair at this period, especially on the face; and it has been noted that in women 
with hypertrophy or neoplasia of the adrenals, who consequently acquire a 
growth of coarse hair on the face accompanied by an increased excretion of 
androgen in the urine, like youths, and probably for the same reason, are subject 
to acne. The dependence of acne on a relative excess of androgen seems to be 
proved by the frequency with which this skin condition has accompanied the use 
of androgen for therapeutic purposes (Hamilton, 1937; Vest & Howard, 1938; 
Kenyon, 1938, and others). 

Loeb & Haven (1929) examined the mitotic activity of the epidermis in guinea- 
pigs and they found that it was less in females than in naales ; and in females it 
varied at different times in the oestrous cycle, being highest at the end of the 
period, when the supplies of oestrogen and progestin are least. The rate of 
cutaneous proliferation was found in their experiments to rise during pregnancy 
to that of the male. The experimental results of Loeb & Haven suggest that the 
normal proliferative epidermal activity appropriate to each sex may depend upon 
a proper balance between androgen and oestrogen. If this be correct facial 
hairiness might be caused either by an excess of androgen or by a deficiency 
of oestrogen. In this connection may be quoted an inquiry by Lawrence & 
Werthessen (1940), who made assays of the urine of eight female patients with 
acne and eight normal women. A 48-hour specimen was used in each instance, 
collected between the i6th and 20th day of the menstrual cycle. The assays 
revealed no excess of androgen but a considerable reduction of oestrogen in the 
patients with acne (Table 123). 

Table 123. Urinary output of gonadal hormones in normal women 
and in women with acne (Lawrence & Werthessen, 1940) 

Ratio of androgea 

Androgen Oestrogen to oestrogen 

Condition of donor (‘units 9 (‘ units (‘units’) 

Normal 178 75 2-4 : i 

With acne 158 24 6-6: i 

Laboratory experience seems to show that the influence of oestrogen in re- 
tarding cutaneous growth is more significant than the capacity of androgen to 
accelerate it (p. 376). Emmens (1942) reported that in rats, although the hair 
grows more rapidly in males than in females, its speed of growth is unaffected 
by the administration of androgen. 

[b) Figmentation. In brunettes with virilism an increased pigmentation of the 
skin is not uncommon ; an excess of androgen may be suspected of causing this 
Hamilton & Hubert (1938) have recorded that after castration a man failed to 
become tanned on exposure to strong sunlight. He was given injections of testo- 
sterone propionate and under this treatment responded to sunlight by a normal 
increase of pigmentation. On ceasing the injections the tanning disappeared, but 
returned when the supply of testosterone propionate was renewed. Hamblen, 
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Ross, Cuvier, Baptist & Ashky (1939), by assays of urine, found indications that 
the amount of androgen excreted by a woman may be correlated in some degree 
with her complexion, for brunettes excreted more androgen than blondes in the 
small number of individuals on whom the tests were made (p. 172, Table S5). 

The influence of gonadal hormones on pigmentation has Ix^en investigated by 
tissue culture. Hamilton (1940) grew explants of dorsal skin obtained from 6-day~ 
old chick embryos of New Hampshire red or Rhode Island red fowls. Normally, 
he says, such explants occasionally produce melanophores and rarely red pigment 
cells also. The explants were bisected, one half of each being cultivated in normal 
medium and the other in a medium to which gonadal hormones had been added 
in concentrations varying from 20 to 3007 per 1 c.c. From Table 124 it will be 
seen that the explants subjected to either oestrogen or androgen showed an in- 
creased production of pigment, but so too did some of those subjected to sesame 
oil alone. 

Table 124. Production of pigment in explants of chicken skin under 
the influence of gonadal hormones (Hamilton, 1940) 

Additions to culture medium 
of hormone in sesame oil 

Testosterone 
Oestradiol dipropionate 
Oestradiol nio nobenzoate 
Sesame oil only 

In monkeys some of the cutaneous pigmentary’ changes which manifest sexual 
activity can be induced either by androgen or oestrogen (Hartman, 1940). 

(c) Effects of androgen on cutaneom appendages other than hair. Among the 
epidermal structures which may become especially well developed in males 
through the influence of androgen are antlers, teeth and tusks, the spurs and 
comb of cocks and a large number of the temporary^ or permanent cutaneous 
manifestations of the male sex. Many of these, including some of the most 
striking marriage adornments of birds, amphibia and fishes, are temporary’, and 
appear only during the mating season when the testes are active. Not all the gay 
plumage which distinguishes male birds can be attributed to testicular androgen; 
in some species it represents a neutral condition, the distinctive temale plumage 
being caused by oestrogen. In these species a cock's characteristic teatliering 
persists after castration, and a spayed female will assume ‘male plumage’. 

The Skeleton, Bodyweight, and Muscular System 

The Skeleton 

Yarrell (1S27) seems to hav’e been the first to observe that the gonads aflect the 
shape of the skeleton. His observ’ations were on birds and will be discussed later 
(Chap. xix). Godard (1*^59) reported two male patients with, as he believed, 
congenital absence of the testes. Their general conformation tended Unvard that 
of the female, he said, as in males castrated in intancy. 1 lis observations might be 
hardly worth quoting if they had not stimulated Poncet (1877) to investigate the 
matter by experiments on animals. 
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Before referring in detail to Poncet’s work it may be remarked that when the 
effects of gonadal hormones on the skeleton are discussed three matters need 
separate consideration, namely (a) the size of the skeleton as a tvhole and of its 
individual bones, (b) the texture of the bones and (c) the distinctive features of the 
masculine and feminine bodily contours, which depend largely on the shape of the 
pelvis in addition to the characteristic distribution of fat. 

[a) The nze of the hones. The length of a bone is governed by the activity of 
its epiphyseal tissues. When the epiphysis joins the shaft by osseous union, growth 
in length at that end of the bone ceases. It will be shown (Chap, xix) that oestro- 
gen, in addition to its action on the texture of bone, accelerates osseous union 
between the epiphyses and shafts and so curtails the growth of bones. This seems 
to be the chief reason why in man and many other mammals the male is larger 
than the female. 

Poncef s experiments may be considered in the light of these facts. He used 
littermate male rabbits of the same weight and kept them in identical conditions . 
One of the rabbits was castrated when 3 months old, the other being kept as a 
control. Three months later the rabbits were killed and their skeletons were 
examined. Poncet found that the whole skeletal framework of the castrated rabbit 
was larger than that of his normal brother. The compact tissue of the bones was 
a little increased and the medullary cavities were enlarged. The individual bones 
were longer, stronger and straighten than in the intact rabbit, these changes being 
most noticeable in the femur, tibia, fibula and ilium, though not confined to these 
bones. The head of the castrated animal was longer than that of the control. 
Richon & Jeandelize (1905) repeated Poncet’s experiment on rabbits with con- 
firmatory results. The heads of the castrated rabbits were longer by i to 6-5 mm. 
than those of the controls, and the diameters of the face were increased. 

Launois & Roy (1903) described the condition of a man of 27 years who had 
suffered from enteric fever when 16 years old. His testes were not palpable and his 
penis was very small. He was tall, with limbs which were slender and dispropor- 
tionately long; he had a small thorax and pelvis, a feminine voice and hairless face. 
Radiographic examination showed the persistence of epiphyseal cartilages in the 
metacarpals and phalanges, Launois & Roy refer to another comparable case. 

Bouin & Ancel (1906; see also Ancel & Bouin, 1906), with their usual fine 
enterprise, tested the effects of testicular extracts on the growth of the skeleton. 
They had already shown that male gonadal hormone is produced by the inter- 
stitial glandular cells of the testis and that these cells remain functional in ectopic 
testes in the absence of spermatogenesis. They obtained ectopic testes from 
various animals, extracted them with glycerine and water, and tested the extracts 
so prepared on male guinea-pigs 2 to 4 weeks old. These were divided into three 
groups, namely [a) normal untreated, (Z>) castrated and otherwise untreated, 
(c) castrated and injected with testicular extract. These last received i c.c. of 
extract diluted with 3 c.c. of water, the injections being given every and day 
regularly for a period of 9 months, at the end of which the guinea-pigs were 
killed. The results are shown in Table 125, and measurements of the penis and 
seminal vesicles are included as evidence that the extracts used did in fact contain 
effective amounts of androgen. 
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Table 125. The effects of testicular extract on the growth of bones in the 
castrated male guinea-pig (Bouin 8c Ancel, 1906) 

Lengths of structures m rnni. 


Condition of guinea-pig F emur 

Normal, untreated 43-7 

Castrated, untreated 44-8 

Castrated, given, testicular extract 43-5 


Tibia 

Nasal 

lx>nes 

Penis 

Semi nil 
\''esicles 

45 T 


37“ 3 


47*3 

22*5 

207 

1 3 0 

46-0 

207 

32 "0 

35’ 7 


The figures given ia the table show a restraining influence of testicular extract 
on the growth of bone. 

Steinach (1916; see also Steinach. & Holzknecht, 191b) examined the effects on 
the skeleton of transplanting whole testes into spayed guinea-pigs. For com- 
parison castrated males, and normal males and females were kept. The operations 
were done within a day or two of birth, littermates being used. The results 
(Table 126) appear to be at variance with those previously described, for the 
bones in Steinach’s experiment are smaller in the castrated than in the non- 
castrated males, and are much enlarged in the spayed females bearing testicular 
grafts. Moore (1919, 1922) repeated this kind of experiment and obtained the 
same result as Steinach. 


Table 126. The effects of gonadal grafts from the opposite sex on the con- 
formation of the head and bodvxveight in the male and female guinea-pig after 


gonadectomy (Steinach, 1916) 


Subject 

Body- 

weight 

(g‘) 

Ear 

distance 

(mm.) 

Zygomatic 
distance 
(mm. ) 

Length of 
head 
(mm. ) 

Norrnal male 

998 

30 

44 

80 

Castrated male 

947 

27 

43 

78 

Castrated male with ovarian graft 

685 

21 

39 

69 

Normal female 

836 

22 

41 

73 

Spayed female with testicular graft 

1. 1 55 

32 

48 

^5 


The results recorded by Bouin Sc Ancel seem to show that androgens to some 
extent curtailed the lengths of the bones, for castration led to an increased length 
and testicular extract prevented this effect. But it has to be remembered that 
they were using crude extracts the androgenic influence of which on the bones 
may have been overcome by other substances present. 

Other experiments, besides those of Steinach & Moore, have shown that 
castration does not invariably lead to an increased length of bone (Ponierat & 
Coe, 1941, see also Table 129). 

We are faced here by what seems a conflict of evidence. According to some 
reports castration has been followed by an increase in the length of the bones, and 
according to others the opposite effect has been produced. At present the dis- 
crepancy, which has been noted in man as well as in the lower animals, cannot he 
explained. When the effect of castration on the deposition of fat is under discus- 
sion it will he noticed that castration may be followed sometimes by thinness and 
sometimes by fatness. Whatever cause may lead to these varying results, we may 
conclude that androgens have little influence on the longitudinal growth of bone ex- 
cept in so far as they may counteract the influence of oestrogen on these st ructures . 
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In man there is direct evidence that androgens may favour body-growth. 
Webster & Hoskins (1940) treated with testosterone propionate eight boys who 
showed signs of hypogonadism. In each case the rate of growth, estimated in 
cm. per 100 days, was ascertained before treatment. Thereafter they were given 
testosterone propionate, the dosage ranging from 75 to 125 mg. per week. While 
receiving androgen the boys showed an acceleration of growth from 1*36 to 
3*6 cm. per 100 days. No evidence of epiphyseal closure occurred during the 
period of treatment. 

(6) The texture of the bones. Gardner & Pfeilfer (1938^2) discovered that if 
male or female mice are subjected for prolonged periods to large weekly doses of 
oestrone benzoate or equilin benzoate a hypercalcification of the general skeleton 
ensues together with resorption of the pubic bones and their interosseous carti- 
lage. They found further (19386) that these changes can be prevented by giving 
testosterone propionate, 1-25 mg. of which will inhibit the action of 0-5 mg. of 
oestradiol on the bones of mice, the doses of each hormone being given once a 
week. 

(c) Conformation of the skeleton. So far as concerns the distinctive shape of the 
skeleton in the two sexes it is certain that this depends, as Yarrell showed with 
birds more than 100 years ago, on gonadal activity. In men who have been 
castrated before puberty or have suffered from hypogonadism in the early years 
of life the shape and dimensions of the pelvic and shoulder girdles are apt to con- 
form to the female type, that is to say the pelvis is wide and the shoulders are 
relatively narrow. As one example among many may be quoted a patient whose 
case was reported by Broster (1941). A man of 32 had never undergone the 
changes of puberty. His testes were atrophied and the external genitalia unde- 
veloped. The distribution of his hair was like that in the female, and he had never 
had to shave. His height was 5 ft. 5 in. and the contours of his body were 
feminine, the width of his pelvis being 31 in. and that of the shoulders 30 in. 
A photograph which illustrates well the feminine form of the body in a male 
whose testes had been destroyed in early life accompanies an article by Eidelsberg 
& Ornstein (1940). 

Gardner (1936) has found that there is no sexual dimorphism in the mouse’s 
pelvis before puberty. The masculine and feminine divergences in shape of this 
part of the skeleton begin with the onset of gonadal activity. From this fact, and 
from the other observations on birds and men referred to above, it would seem 
that testicular hormones are responsible for the masculine figure. 

The Bodyweight 

(a) The effect of castration. Most experimenters have reported that male 
animals which have been castrated when young are lighter when adult than non- 
castrated littermates. Ancel & Bouin (1906) castrated young male guinea-pigs 
and gave to some of them injections of testicular extract every alternate day. 
Other guinea-pigs were kept as controls, being neither castrated nor treated with 
testicular extract. At the end of 88 days the untreated animals were the heaviest, 
the castrated and injected came next, and the castrated and uninjected were the 
lightest (Table 127). 
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Table 127. The effect of castration and testicular extract on the 
weight of gninea-pigs (Ancel & Bouin, 1906) 

Gain of weight during SS days 


Treatment (^r.l 

None ^ 3^0 

Castrated and given testicular extract 306 

Castrated 266 


Stotsenburg (1909) castrated rats when they were 14 or 1 5 days old, and there- 
after kept them with non-castrated littermates. At a later date it was found that 
the castrated rats w^eighed rather less than their non-castrated brothers though 
the difference was not great (Table 128, see also Table 131, p. 249). 


Table 128. Weights of rats castrated during infancy compared with 
weights of non-castrated littemiates (Stotsenburg, 1909) 


Average age 
in days 


143 


185 


Average weight 

Castrates Non-caastrates 

fe-) (g-) 

179-9 191-4 

182*6 190*7 


Donaldson & Hatai (1911) obtained comparable results in rats, finding that 
castration was followed by a reduction of the bodyweight and of the weight of the 
brain and spinal cord. Their figures are based on eight litters of which thirteen 
individuals were castrated and eleven were left Intact. Their tabulated figures are 
placed in two groups according to whether the rats were losing or gaining weight 
at the time of death (Table 129). 

Table 129. The effect of castration on the bodj^vveight and on the weights of 
brain and spinal cord in the rat (Donaldson 8c Hatai, 19 ii) 



Gaining or 

Average 
age at 

Body- 

Body- 

Brain 

Spinal cord 


losing weight at 

death 

weight 

length 

weight 

weight 

Condition 

time of death 

(days) 

(g-) 

(mm.) 

fe-) 

(gd 

Normal 

Gaining 

3^3 

267 

194 

2*014 

0*640 

Castrate 

Gaining 

251 

214 

186 

1*897 

0-595 

Normal 

Losing 

272 

211 

194 

1*070 

0-635 

Castrate 

Losing 

271 

189 

192 

1*890 

o* 6 i 8 


A^an Wagenea (1928), in a similar experiment with rats castrated at the time of 
weaning, found that the castrated animals did not in the end attain the same 
weight as non-castrated littermates, though the retarding influence of castration 
was not noticeable at first, becoming apparent only 100 or 150 days later. A delay 
in the effect of castration on the growth cuiw'e was noticed by RuMiistein, 
Abarbaael & Kurland (1939), who castrated rats when they were 22 days old and 
killed them 58 days later. At first their increase of weight was equal to that ot 
non-castrated controls, but from the 40th day of life onward the castrated rats 
gained weight less rapidly than their intact fellows. Lawless (1936) castrated 
Wistar rats when they were 21 days old, and weighed them 57-84 days later, at 
which time they weighed less and were slightly shorter in the body than non- 
castrated controls. 
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It might be argued that the ultimate loweriag of bodyweight, as recorded in the 
experiments just quoted, was perhaps caused by a retardation of nutrition re- 
sulting from the operation apart from gonadectomy. TJie question thus raised is 
answered to some extent by Commins (1932) who, using inbred rats kept on a 
stock diet, castrated some, operated on others as for castration but without re- 
moving the testicles, and left others intact. The weights of all were recorded when 
they were 165 days old and indicate that the reduction in w^eight in the castrated 
animals is attributable to absence of the testes and not to the operation. 

The results so far refer to males only; in females gonadectomy in early life 
apparently leads to an increase of bodyweight (Evans & Simpson, 1937). 

[b) The effect of androgen on bodyweight. To test the effect of androgen on 
the rate of growth, Rubinstein., Kurland & Goodwin (1939) gave i mg. of testo- 
sterone propionate daily to rats from the 26th to the 76th day of age and found 
that this treatment caused a reduction of their length and bodyweight. Kochakian 
(1940) reported a similar retardation of growth in young male mice of the dba 
strain which had been given 0-2 mg. of testosterone propionate daily ; no such 
effect was caused in females of the same strain. Perhaps the check imposed 
on growth in these experiments was due to the magnitude of the doses, for 
Rubinstein & Solomon (1940) found that 50y of testosterone propionate given 
daily to rats, beginning when they were 26 days old and continuing for periods 
varying from 26-80 days, caused a significant increase in both the length and 
bodyweight of the treated animals. 

Zuckerman & Parkes (1939) castrated a young adult Hamadryas baboon weigh- 
ing 17*5 kg.; after the operation its weight fell to 12-66 kg. At this stage weekly 
injections of 100 mg. of testosterone propionate were begun and continued for a 
year, at the end of which the baboon weighed 16-19 kg. Zuckerman & Parkes 
(1938) had already recorded an increase in the weight of a castrated rhesus monkey 
after giving him testosterone propionate. In man also an increase of weight has 
been noticed after the administration of androgens to eunuchs or eunuchoids. 
For example, Villaret, Justin-Besan9on & Rubens-Duval (1938) gave testosterone 
propionate in daily doses varying between 10 and 30 mg. to a man of 21 with 
atrophic testicles and pronounced eunuchoidism. At the beginning of treatment 
his weight was 55 kg.; after he had received testosterone throughout a period of 
6 months his weight was 63 kg. Others, including Spence (1940), have recorded 
an increase in the weight of men under treatment with androgen. 

An observation by Steinach (1916) may he recalled in connection with this 
discussion. He discovered that a guinea-pig spayed during infancy, its ovaries 
being replaced by the testicle of a littermate, eventually attained a larger size than 
the intact male. This fact might be regarded as additional evidence that the female 
is more sensitive to androgen than the male; though it might also be considered 
in relation with the fact reported by Evans &: Simpson (1931) that, after gona- 
dectomy, the female rat responds more readily than the male to pituitary growth 
hormone. 

From the experimental results just cited there seems little doubt that castration 
of the male may reduce the ultimate bodyweight, and that androgens given in 
moderate amount tend to increase the bodyweight. In the present discussion 



TISSUES AND ORGANS 247 

additional factors have to be considered. The appetite is one of these. Men 
appear to eat more in proportion to their bulk than women. This may be due 
partly to habit and opportunity and partly to the greater output of physical 
energy which, is perhaps a feature of natural man. However this may be, Koren- 
chevsky & Dennison (1934) found that the daily administration of 1*5 c.u. of 
androgen to young castrated rats increased their daily food intake by 4 per c'ent 
as compared with that of castrated controls. Another action of androgen which 
will cause an increase in weight — the effect in this instance being almost im- 
mediate — is the retention of water under its influence. In this respect androgens 
to some extent resemble corticosterone, and pufiiness of the hands and face, and 
even oedema of the legs enough to cause pitting on pressure, have been ohsenx^d 
in eunuchoids when receiving 25 mg. of testosterone propionate each week 
(Kenyon, 1938; Kenyon, Sandiford, Bryan, Knowlton &: Koch, 193S). 

We have to remember that the weight of an individual depends on several 
factors, including the size of his bones, the degree of his muscular and ligamentous 
development, and the amount of fat deposited in his tissues. The effect of androgen 
on the bones has already been discussed ; its effects on muscle and fat remain for 
consideration. 


The Effect of Androgen om Muscle 

(a) The general muscular system. To some degree the development of muscle 
will be governed by the size of the skeleton, larger bones requiring stronger 
muscles to move them. Oestrogens restrain the growth of bone and so will curtail 
the development of muscle also. Androgens counteract the inhibitor}’ effect of 
oestrogen on the growth of bone, therefore they must, it seems, indirectly en- 
courage the development of muscle. The volume of the muscles will depend 
largely on the amount of use to which they have been put, and in this the gonadal 
hormones may play a part by causing restlessness and increased activity. 

The bull and horse are no doubt more nerv’ous, pugnacious and difficult to 
manage, and more inclined to physical activity, than are the ox and gelding, and 
this nervous disposition may be expected to influence their musculature. Apart 
from such hypothetical considerations there is experimental evidence that 
androgens favour muscular development. Papanicolaou & Falk (193S) noticed a 
measurable difference between the temporal muscles in the male and female 
guinea-pig, these structures being much larger in the male. The administration 
of gonadotrophin, they found, caused hypertrophy of these muscles in both male 
and female guinea-pigs if the gonads were intact; no such effect was produced 
after gonadectomy. If males were castrated before pubertv’ their temporal muscle s 
remained small and flat as in the normal adult female; and if testosterone pro- 
pionate were given repeatedly to castrated immature males or to adult females, 
whether spayed or not, hypertrophy of the temporal and other skeletal muscles 
ensued. No muscular hypertrophy Avas induced by oestrogen or progestin, and 
these hormones did not prevent testosterone from inducing an increased develop- 
ment of muscle . 

Apart from these experiments by Papanicolaou & Falk, there seems to have 
been little attempt to study the effect of androgen on the general muscular system. 
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Clinical evidence, though not so convincing as controlled experiments done in 
the laboratory, suggests that androgens have a potent influence over the voluntary 
muscles. In boys with premature virilism due to an excessive production of 
androgen, the muscular development is often a pronounced feature, so that the 
patient has been described as being of the 'infant Hercules’ type; and women 
who have been relieved of virilism are apt to notice a loss of muscular power 
accompanying the cure. In some patients with pathological degrees of muscular 
weakness androgens have been reported to give some relief. Hesser, Langworthy 
& Vest (1940) made tests on two male patients suffering from muscular weakness 
due to ‘myotonia atrophica’, which is described as a myopathy accompanied by 
gonadal atrophy and degeneration of the adrenals. Intramuscular injections of 
25 mg. of testosterone propionate were made on alternate days for 2 months. The 
flexor functional capacity of the muscles of the fingers were tested by a dynamo- 
meter before and during treatment, attention being given to (i) the strength of a 
single contraction, (2) the total work capacity and (3) the maximal rate of flexion. 
Improvement in muscle function was noticed within a week after the first injec- 
tion and in the course of treatment the grip increased from 6 to 16 kg. in one case 
and from 8 to 16 kg. in the other. Total work capacity was increased by 50 per 
cent, and no significant change occurred in the rate of contraction. 

(&) The specific action of androgen on the mvsctdature of the penis has been 
discussed earlier (p. 228). 

{c) The effect of androgen on the weight and dynamic capacity of the heart. It 
will be convenient to mention here an investigation by Korenchevsky, Hall, 
Burbank & Cohen (1941) into the effects of androgen on the weight and muscular 
power of the heart. Their tests were made on the isolated hearts of untreated 
normal or castrated rats, and of castrated rats which had been given repeated 
injections of androsterone or testosterone propionate during the previous 2 
months. They found that castration alone caused a reduction in both the weight 
of the heart and its muscular capacity. These losses were largely or entirely pre- 
vented by androgen. Treatment with the latter increased not only the volume of 
the heart muscle as a whole, but caused enlargement of the individual muscle 
fibres as seen in sections under the microscope. To test the heart’s capacity for 
work weights were attached and its contractions were recorded on a kymograph. 
The amplitude of the contractions was measured from the tracings and the 
number of contractions was counted for i minute before and i minute during the 
suspension of the weights. From the figures obtained in this way the potential 


Table 130. The effect of androgen on the weight and energy of the heart 
muscle in the castrated rat (Korenchevsky, Hall, Burbank & Cohen, 1941) 


Condition of rat 
Normal 

Castrated and untreated 
Castrated and treated with 
androgen 


Weight of heart 
(mg. per 200 g. 
of bodyweight) 

522 

496 

5^1 


Relative areas 
of muscle fibres 
as seen in 
sections 

28 

22 

24 


Potential energy of the 
Heart-rmascle (Woods- 
worth’s quotient) 

t ^ 

Before During 

attachment attachment 
of weight of weight 

81-3 73*5 

71*9 6o-o 

78*2 8r*7 
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energy of the heart muscle was calculated by means of Woodsworths quotient. 
The results are shown in Table 130. 

The Effect of Androgen on Blood Pressure, the Disiribuiion of Blood 
and the Formation of Erythrocytes 

(a) Blood pressure. Clinical experience and general observation might have 
led ns to suspect that androgen would cause an increase of the systemic arterial 
blood pressure. Greene (1938), however, investigated the arterial tension in 
fourteen patients who were given testosterone for the treatment of enlarged 
prostate and he found that the blood pressure was unaffected by the treatment. 

(b) Distribution of blood. Edwards, Hamilton & Duntley (1939) have observed, 
by means of a spectrophotometer, a lack of arterial blood in the skin of men who 
have been castrated. The condition, was remedied by testosterone propionate. 
This observation might be considered in connection with the other recognized 
effects of androgen on the skin (p. 239). 

(c) Erythrocytes. There seems little doubt that androgens have an influence 
on the formation of red blood cells, for in. various different species it has been 
noticed that the erythrocyte count is higher in males than in females. Steinglass, 
Gordon & Charipper (1941) castrated rats and noted that after the operation the 
number of red blood cells diminished. By giving testosterone to these rats the 
erythrocyte count was raised from 7*4 to 9-1. In spayed females testosterone 
caused hyperplasia of the marrovi” with increased erythrogenic activity. Tollmer, 
Gordon, Levenstein & Charipper (1941) have reported that testosterone in daily 
doses of 0*5 or i mg. caused a rise of the erythrocyte count in male rats, whether 
normal, castrated, or hypophysectomized. This result, it seems, can hardly be 
attributed to an increased concentration of the blood due to loss of water, for 
androgens cause an increased retention of water in the body (pp. 143, 236). 

The Effect of Androgen on the Deposition and the Distribution of Fat 

(a) The deposition of fat. Reference will be made later to the fact that the 
female body contains a largerproportion of fatthan the male (p. 375). Castration and 
spaying hav^e been done since ancient days on the farm, and one of the recognized 
advantages, no doubt, was the increased accumulation of fat in the body. This 
effect has been tested by Korenchevsky (1930), who castrated rats, recorded their 
rate of growth and eventually measured the amount of retroperitoneal fat in their 
bodies. Castration slowed the gain in weight though it led to a greater deposit of 
fat in the retroperitoneal tissues. Cryptorchidism caused an increase of both 
hodpveight and retroperitoneal fat (Table 131, see also Table 121, p. 237). 

It seems probable from what has been said in earlier pages that the increased 
deposit of fat after castration will be accompanied by a reduction in the weis^ht of 

Table 13 i. The effects of castration and cry'ptorchidism on the bodyweight 
and deposition of fat (Korenchevsky, 1930I 

Averaj;»e gain in Average weight of rcrroperitoncal hit 
bod yweig^ht per week (e.xpressed as g. per 200 g. 

Condition of rat (g.) of bodyweight ^ 

Normal (controls) 12-2 5 4 ^ 

Cryptorchid 1 3 • i ^“43 

Castrated 10-7 S-14 
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muscle and bone; this may account for the fact that in experiments quoted earlier 
the castrated animals have been lighter than the normal controls in spite of the 
increased fat. 

Clinical observation of men and veterinary experience have both shown that 
castration does not always lead to diminished stature or to obesity. A eunuch may 
he tall and thin, and the same features may be noticed in the castrated cat. Such 
differences in the effects of castration may be caused in some instances by the 
environment. It has to be remembered, too, that the endocrine system is*intricate 
and to disturb the biological conditions in one part of the mechanism may upset 
the balance in other parts; the end results of an experiment may represent the 
consequences not of a single disordered function but of a widespread loss of 
equilibrium. Castration affects the activity of the thyroid, which in its turn 
regulates to some extent the rate of growth and the accumulation of fat; and it 
appears that gonadectomy in the male may not always lead to a lowered basal 
metabolism rate but to one which is above the normal. 

The effect of artificially administered testosterone propionate on the deposi- 
tion of fat in the abdomen has been tested in castrated and spayed rats by 
Korenchevsky, Hall, Burbank &: Cohen (1941, see Table izi, p. 237). 

{b) The distribution of fat. Apparently the gonadal hormones affect, not only 
the general accumulation of fat, but its distribution in certain parts of the body. 

The writer cannot quote any experimental work on this subject, but it has been 
generally observed that the arrangement of fat in the human body is not the same 
in the two sexes, and there is enough evidence from clinical sources to suggest 
strongly that the characteristic distribution in men and women respectively is 
largely regulated by the gonadal hormones. 

The Production of Sarcoma by Androgen 

The occasional appearance of sarcomata in mice at the site of injected testo- 
sterone has been reported by Lacassagne ( 1939 a). So far as the writer is aware no 
other kinds of cancer have been attributed to androgen. It has to be borne in 
mind that androgen may be converted into oestrogen in the body, and there is no 
doubt about the capacity of oestrogen to produce malignant growths, whether 
this capacity is attributable to the oestrogen as such or to some other compound 
into which it may become converted in the body. Lacassagne gave subcutaneous 
injections of testosterone propionate, testosterone acetate or androstenediol' di- 
propionate to mice of the Rm strain. Among sixteen of the mice so treated which 
survived for 300 days, sarcomata appeared at the site of injection in four males and 
five females. 



PART IV, OESTROGENS 


Chapter XL Oestrogem 

General considerations. Sources, metabolism and excretion of oestrogen. Gradients of re- 
sponsiveness. Reversibility of effects. 

General Considerations 

Definition and Terminology^ The term ‘oestrogen’ denotes any substance 
which will induce cornification in the vagina of the adult mouse like that of 
natural oestrus. The meaning of the word ‘oestrin’ is not so easy to define 
exactly, or to define at all without a background of biological historjL Apart from 
knowing that the sexual functions of the female depend on the ovary and are not 
controlled through its nervous connections (Knauer, 1900), our recognition of 
the hormonal basis of ovarian activity began with the observation by Marshall 
& Jolly (1905) that oestrus could be induced in spayed dogs cither by the 
injection of extracts of ovary removed from another dog during oestrus or by 
implanting oestral ovaries into the peritoneum. These workers recogni2;ed that 
the ovary produces two different hormones, and that the secretion which causes 
oestrus is different from that formed later by the corpora lutea. A few years later 
Adler (1912) reported that oestrus could be brought on in guinea-pigs by intra- 
venous or subcutaneous injections of extracts or press-juices obtained from whole 
ovaries or from corpora lutea. The next great advance was that of Allen Sc Doisy 
(1923, 1924), who discovered that liquor folliculi from the so%v’s ovary’ caused 
oestrus-like changes in the rat’s vagina. The hormone thought to induce these 
changes thereafter came to be known as theelin, oestrin or folliculin. The active 
principle was at that time a hypothetical substance which could be recognized 
only by its biological effects. Later, the isolation of the hormone in cr\^stallin€ 
form by Doisy, Veler & Thayer (1930) and also by Bulenandt (1929), working 
independently, narrowed the meaning of the term oestrin, as used by British 
workers, to the single well-defined chemical compound now known as oestrone. 
This would not have led to terminological difficulty if other naturally produced 
oestrogenic compounds, including oestradiol, oestriol, equilin and cquiltiiin 
(Fig. 5, p. 104), had not been identified later. 

After these discoveries we find the word oestrin used either as a synonym tor 
oestrone or as a name for whatever oestrogenic substances might be contained in 
an extract. In the present work when experiments are quoted it has to be left to 
the discretion of the reader to judge, by the historical background just referred to, 
what precise meaning is attachable to the word ' oestrin ’ . In the earlier papers the 
term is non-committal and indefinite, and in later ones it usually but not always 
denotes oestrone. Altogether excluded from the term ‘oestrin' are several arti- 
ficially produced chemical compounds which, though producing biological effects 
like those of oestrone, have not been found in the living organism and in some 
instances are different in molecular conformation from the naturally occurring 
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oestrogens (Fig. 6, p. 105). For reasons gWen earlier the writer thinks that the 
term ‘female hormone’ as denoting an oestrogen should be discarded (p. 102). 

hiternational units of oestrogen . U ntil a hormone is available in a pure form for 
biological experiment it is adv^antageous to have some means for comparing 
quantitatively the potencies of different preparations. For this purpose inter- 
national standards of activity were introduced. These are mere approximations 
and are not needed to describe the dosage if pure hormones are used. Unfortu- 
nately the term ‘international unit’ is still occasionally employed to denote the 
amount of a pure compound used, instead of expressing it in terms of weight. 
The international unit of oestrone is the activity of o*i y of a standard prepara- 
tion of pure oestrone, and the international unit of oestradiol benzoate is the 
activity of o*i y of a standard preparation of pure oestradiol benzoate. 

General scope of oestrogenic action. Throughout the vertebrata oestrogens are 
concerned with the female part of sexual reproduction. They are largely re- 
sponsible, not only for the more obvious physiological mechanisms connected 
with reproduction, but for the subsidiary traits in appearance and behaviour 
which distinguish the feminine from the masculine. Like androgens they affect 
the reproductive organs in three different ways: (i) they provide an automatic 
check upon their own elaboration by inhibiting the output of gonadotrophin from 
the pituitary; (2) they stimulate directly the growth and functions of structures, 
other than the ovaries, which are associated specifically with the female sex; and 
(3) they diminish, modify or enhance some of the actions of androgen and 
progestin. 

In addition, oestrogens exert a psychological effect and influence conduct. 

The chemical nature of oestrone. As shown in Fig. 5 (p. 104) oestrone is a 
compound with a steroid nucleus; it is resistant to heat and to acid, alkali and 
reducing agents, but is susceptible to oxidization (Laqueur & de Jongh, 1928). 

Sources, Metabolism and Excretion of Oestrogen 

{a) Sources 

The ovary. In the earliest days of inquiry into the action of sex hormones the 
effects of spaying were known well enough to indicate the ovary as a source of 
oestrogen. A specific experiment was done by Goodale (1914), who castrated a 
brown leghorn cock when it was 24 days old, and then gave it intraperitoneal and 
subcutaneous implants of ovarian fragments obtained from two of the bird’s 
sisters. This treatment caused the capon to resemble a hen. 

Later observations, especially the discovery by Allen & Doisy of the oestro- 
genic action of follicular fluid and the isolation therefrom of oestrone itself, 
suggested that this hormone might be derived from the granulosa cells. Such an 
origin has been widely accepted, yet it may he doubted whether the granulosa 
cells are the chief source of oestrogen. Allen (1932) pointed out that much 
oestrogen remains in the residual ovarian tissue after the aspiration of liquor from 
the large follicles, and that the human corpus luteum contains oestrogen until 
just before menstruation begins. 

The granulosa cells of the ovarian follicles are readily destroyed by X-rays and 
their destruction is not followed by a disappearance of all phenomena attributable 
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to oestrogen. Steinach & Holtzkriecht (191 6) exposed the ovaries of a guinea-pig 
6 weeks old to a dose of X-rays sufficient to cause atrophy of the follicles. When 
the animal was 4I- months old the oraries showed an absence of normal follicles, 
the presence of a few atrophied and atretic ones, and an extensive development of 
interstitial tissue which had undergone luteinization or some change which re- 
sembled it. The advanced development of the uterus and mammae suggested that 
the animal had continued to produce abundant oestrogen although the follicles 
were atrophic. Zondek Sz: Aschheim {igzja) found that implants of pituitary tissue 
induced vaginal cornification in mice even though the ovarian follicles had been 
destroyed by exposure to X-rays. This did not occur when pituitar}’ implants were 
made into spayed mice. Parkes (1926, igzja.b; see also Brambell S: Parkes, 
1927) found that X-radiation of the ovaries of adult mice did not arrest the 
oestrous cycles, and in mice treated in the same way before puberty tx^strous 
cycles subsequently ensued. Genther (1931) made a somewhat similar obsea^a- 
tion. She described the results of exposing the ovaries of guinea-pigs to sterilizing 
doses of X-ray as degeneration of the follicles and hypertrophy of the theca interna 
so that the ovary becomes permeated with interstitial gland. Primordial follicles 
remain, she says, and new follicles partially mature and then undergo atresia, 
producing pseudo-corpora lutea. Mandel & Grisewood (1934) submitted week- 
old female rats to X-rays, the doses varying from 540 to 1,240 r. After a week 
these doses were repeated. In all the twenty-three rats so treated the \’'agina 
opened prematurely at the average age of 22 days. Vaginal smears were those of 
oestrus. In untreated littermate controls vaginal opening occurred between the 
ages of 43 and 60 days. Moricard (1933, 1934), also, has made a particular study 
of this matter. He says that if placental gonadotrophin is given to immature or 
mature mice the follicular development which ensues is accompanied by a hyper- 
trophy of the interstitial glandular tissue of the ovary'. After exposing the ovaries 
to doses of X-rays vaiydng from 200 to 500 E (Solomon) periodical oestrus occurs 
for several weeks and after 2 or 3 months there may be persistent cornilication of 
the vagina. At this time the follicles have disappeared and the ovary' consists of a 
mass of epithelioid cells resembling those of corpora lutea and comparable with 
the interstitial cells of the normal adult ovary*. ?^Ioricard believes that this inter- 
stitial tissue, which undergoes hypertrophy in response to placental gonado- 
trophin and becomes hypertrophied also after exposure of the ovaiy* to X-rays, is 
the source of oestrogen. The granulosa tissue, he says, is avascular and Joes not 
possess any of the characters of a secreting gland, whereas the interstitial cells, 
which he regards as derived from the theca interna, have a voluminous Golgi 
apparatus. The interstitial tissue of the ovary* he calls the Txstral gland'. 

Schmidt (1936) exposed the ovaries of guinea-pigs to six daily doses of 
X-radiation till a total of 2,160 r had been given. As a consequence the ovaries 
were so changed as to consist entirely of ‘interstitial gland", and the guinea-pigs 
showed irregular oestral cycles tvith prolonged periods of vaginal cornilication. 

All these experiences suggest that destruction of the granulosa ceils of the 
ovarian follicles by X-rays does not suppress the output of oestrogen from the 
ov^ary, and that these cells therefore, if they produce oestrogen at all, are not the 
only source. 
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Experiments of a different kind lead almost certainly to the same conclusion. 
Aschheim (1926) implanted portions of human ovarian tissue into spayed mice 
and found that neither (a) pieces of cortex: without follicles nor (b) granulosa 
tissue scraped from the wall of a large follicle caused oestrous-like changes in the 
mouse^s vagina, whereas ovarian tissue containing atretic follicles or thecal tissue 
caused these changes. Aschheim found also that corpora lutea or ovarian cortex 
removed during pregnancy induced cornification of the mouse’s vagina in one- 
third of the trials. He believed that the cells of the theca interna, and not the 
granulosa cells, are the source of ovarian oestrogen. The results of experiments 
carried out by Allen, Pratt & Doisy (1925) and Allen, Pratt, Newell & Bland 
(1930) do not agree with those of Aschheim. Allen and his colleagues assayed 
parts of human ovaries obtained at operations for their oestrogen content by 
implanting them into spayed rats and using vaginal smears as criteria of effect. 
They found that recent corpora lutea, namely those removed between the 13th 
and 17th days of the menstrual cycle, showed a high content of oestrogen ; where- 
as corpora lutea excised between the 20th and 22nd day of the cycle yielded much 
less oestrogen. Corpora lutea removed toward the end of pregnancy gave no 
oestrogenic response. Liquor folliculi and pieces of follicular wall consisting 
mainly of granulosa cells were rich in oestrogen. Although at first sight the ex- 
periments just mentioned seem to indicate the granulosa cells as the source of 
oestrogen, they do not place such a conclusion beyond doubt. The presence 
of oestrogen in the liquor folliculi or granulosa tissue does not prove that the 
hormone has been formed in the latter, nor does it exclude the possibility that the 
interstitial cells may be a source of ovarian oestrogen, as most of the experimental 
work reported seems to indicate. 

The belief that granulosa cells are at least not essential for the production of 
oestrogen by the ovary is further supported by some observations of Cole, Hart, 
Lyons k Catchpole (1933), who showed that the gonads of the foetal horse con- 
tain a high concentration of oestrogens. This, they say, is true of both testis and 
ovar}^ As the ovary at this stage consists almost entirely of interstitial cells, it 
seems probable that these are the source of the oestrogen. 

Occasionally in women and girls, and in the lower animals also (Strong, 
Gardner & Hill, 1937), an ovarian tumour develops the cells of which produce 
oestrogen in abundance. This tumour is commonly described as a ‘ granulosa cell’ 
tumour. Possibly the name was given to it because oestrogen was thought to be 
formed by granulosa cells, and since the tumour formed oestrogen it was believed 
to consist of granulosa cells. But the histology of these tumours, though often of 
granulosa-cell type, in some instances (thecoma) more nearly resembles that of 
lutein tissue (Novak, i934«, 1941 ; Novak & Gray, 1936) and can hardly be said 
in any case to corroborate the origin of oestrogen from granulosa cells. Wallart 
( 1 929) states that in these tumours all gradations may be seen between thecal and 
granulosa cells. 

So far there seems to be little proof that granulosa cells are a source of oestrogen 
beyond the fact that it is present in a high concentration in the follicular fluid. 

During the process of luteinization there is not a rapid and complete dis- 
appearance of oestrogen from the ovary ; it is still present in the corpus luteum 
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during the first 3 or 4 months of gestation in women (Aschheim & Zondek, 1 927; 
Allen, 1932). E. Allen (1941) believes that all the ovarian epithelial cells — 
granulosa!, thecal, interstitial and luteal — may secrete oestrogen, but that the folli- 
cular epithelium is probably the normal primary^ source. He regards the theca as 
part of the follicle and says that during maturation it can be shoTO by Dustin’s 
colchicine technique that nearly as much mitosis occurs in the thecal cells as in 
those of the granulosa. 

Age at which oestrogem are produced by the (n'ur\\ Lipschiitz (19254), using 
guinea-pigs of various ages, grafted ovaries into castrated males. When the grafts 
were implanted into adult recipients they soon caused mammary development, 
showing that they produced oestrogen regardless of the age of the donor. With 
immature recipients, no such hormonal effects were induced, whether the grafted 
ovary had been taken from an immature or mature donor. Lipschutz concluded 
that the functional activity of the ovary depended not upon its own age but upon 
the age of the host. This does not necessarily mean that the ovary can produce 
oestrogen only in an adult. Zephiroff, Drosdovsky & Dobrovolskaya-Zavadskaya 
( 1940) observed that the ovaiy of the calf is as rich in oestrogen, relatively to its 
weight, as that of the cow. They estimated by tests on rats the amount of oestrogen 
in ovaries of 0-8 to 3 -7 g. from calves and in ovaries weighing 12 g. from cows ; the 
oestrogen concentration was the same in both, namely i r.u. per 3 g. of fresh ti^ue. 

Although in normal conditions the ovary is the chief source of oestrogen, it is 
not the only one, for small quantities can be detected in the urine of w’omen whose 
ovaries have been removed or who have passed the menopause (Robson, Mac- 
Gregor, Illingworth & Steere, 1934; Frank, Goldberger & Salmon, 1936)- 
jNIoreover, the condition of the endometrium in women who have passed the 
menopause often shows that oestrogen or some oestrogen -like hormone is still 
being produced in effective amount (Novak & Richardson, 1941). 

The placenta. Considerable amounts of oestrogen probably are formed by the 
placenta. Herrmann (1915) found that placental extracts contained some factor 
which caused changes in the mammae of male and female rabbits. Allen, Pratt 
& Doisy (1925) demonstrated the presence of oestrogen in extracts of the human 
placenta and umbilical cord, and Allen & Doisy (1927) extracted from the 
placentas of several species an oestrogen identical with or very similar to that 
which they had obtained by the same methods from the ovaiy (see also Allan, 
Dickens, Dodds & Howitt, 1928, and Aschheim & Zondek, 1927). 

In the sheep and cow the chorionic villi extend into pits of the uterine imicosa, 
from which they can be withdrawn so that the foetal and maternal components of 
the placenta can be separated. Parkes Sc Bellerby ( 1926) found an equal concen- 
tration of oestrin in these two components. Allen (1932) made the same obser\ a- 
tion. He says that both embry^onic and maternal parts of the placenta contain 
much oestrin, which is abundant also in the amniotic tiiiid, though extracts of 
embryos contain very' little. He states that oestrin appears in the human ioetal 
membranes before the 3rd month of gestation, and that cattle, horses and sheep> 
resemble man in this respect. 

Hart & Cole (1934) removed the ovaries from a mare at about the 2aotli day ot 
pregnancy and estimated the output of oestrin in the urine at frequent intervals 
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during the next 1 50 days. Gestation was unaffected and parturition and lactation 
were normal. A drop in the output of oestrin followed removal of the ovaries, 
with a subsequent rise, and during the last 60 days of pregnancy the urinary con- 
tent of oestrin was about the same as in three normal mares at the same stage of 
gestation. The conclusion from their experiment is that in pregnancy oestrin may 
be derived elsewhere than from the ovary, the placenta being the probable source. 

Brindeau, Hinglais & Hinglais (1934) record the case of a woman who, having 
had one ovary removed 2 years previously, became pregnant. In the znd month 
of gestation the remaining ovary was found to be cystic and was removed. In 
spite of this the pregnancy continued and at the 8th month assays of her urine 
showed that she was excreting i ,200 r.u. of oestrogen per litre. After labour the 
placenta, which weighed 580 g., 3rield€d 650 r.u. of oestrogen. During the next 
few days repeated assays of urine were made and these showed rather a slow 
reduction in the amount of oestrin excreted, which is not easy to explain, for we 
know that normally there is little storage of oestrogen in the body, and its dis- 
appearance is rapid. Twenty-four hours after delivery there were still 1,050 r.u. 
of oestrogen in a litre of urine, and 48 hours after delivery the assay showed 800 
r.u. ; a quick fall then occurred to 40 r.u. at the end of 72 hours and a mere trace 
at the end of 96 hours. 

Lipschiitz (1937c) castrated pregnant guinea-pigs and found that the pro- 
gestational condition of the uterus persisted and the symphysis became separated. 
As a supply of both oestrin and progestin are required for these results he con- 
cluded that they must be derived from some other organ, than the ovary, probably 
from the placenta. Allen, Diddle & Elder (1935) obtained oestrone and oestriol 
from the placentae of two chimpanzees at full term, and Westerfeld, Mac- 
Corquodale, Thayer & Doisy (1938) isolated oestrone in crystalline form from 
extracts of human placenta. These and other facts show almost with certainty 
that oestrogen is formed in the placenta. 

The testis. The excretion of oestrogen is not confined to females ; it occurs in 
males also, and in the latter its chief source appears to be the testicle, Laqueur 
Dingemanse, Hart & de Jongh (1927) assayed the pooled urine from a number 
of men and found oestrin present in amounts up to 50 m.u. per litre. They also 
demonstrated the presence of oestrin in the testis. Zondek, as already mentioned 
(p. 105), discovered very large quantities of oestrogen in the urine of stallions, 
the hormone being derived apparently from the testis, which gives a larger yield 
of oestrogen than any tissue hitherto examined. Deulofeu & Ferrari (1934) and 
Beall (19405) have confirmed Zondek’s observations. Deulofeu (1939) states that 
but little oestrogen is found in the urine of geldings. The oestrogen present in 
stallions’ urine was identified as oestrone by Cartland, Meyer, Miller & Rutz 

(1935)- 

Brouha & Simonnet (1928) found that an extract of bulls’ testes when injected 
into adult spayed rats caused vaginal cornification and changes in the uterus 
similar to those produced by oestrin. 

Courrier (1934) ground testes from the pig, horse and bull, and extracted them 
with chloroform; all contained oestrogen; the horse’s and pig’s testes showed 
large amounts, there was much less in that of the bull. He found as much 
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oestrogen in pigs' ectopic testes as in those which had completely descended, a 
fact which suggests that interstitial cells are the source. 

The adrenals The adrenal is another source of oestrogen. Engcihart (1930) 
and Callow & Partes (1936) found that extracts made from the adrenals of oxen, 
horses and other animals contained oestrogen, and Beall {1939, 1940 a) separated 
oestrone and another unidentified oestrogen from adrenal material obtained from 
oxen. The small amount of oestrogen found in the urine of patients whose ovaries 
have been removed (Frank, Goldberger & Salmon, 1936, and othem)is probably 
derived from this gland. Carnes (1940) has extracted appreciable quantities of 
oestrogen from the adrenals of human foetuses and newborn babies. 

Frank (1934) discovered large amounts of oestrogen in the urines of two women 
suffering from adrenal cancer. Burrows, Cooke & Warren (1936) likewise found 
a large excess of oestrogen in the urine of a man with the same disease. 

An experiment, the outcome of which suggests that oestrogen had been pro- 
duced by the adrenals, has been reported by Woolley, Fekete and Little (1941). 
They castrated male dba mice at birth. Six months later these mice showed 
hypertrophy of the adrenal cortex and, in many cases, development of the 
mammae. Cancer of the breast developed in one of these males. 

Oestrogen in food. The possibility of ingesting effective quantities of oestrogen 
with our food appears to be regarded as negligible. This attitude d(^s not seem 
quite warranted because appreciable amounts of oestrogen have been detected in 
several animal, vegetable and mineral substances. It may be present in milk 
(p. 267), and Riboulleau (1938) found in fertilized, hut not in unfertilized hens' 
eggs, 1*5 to 2 y per gram of yolk and Chanton (1938) obtained between 70 and 
Soy of oestrogen from 100 g. of hens’ feathers. Donahue ( 1940) extracted oestro- 
gen, as recognized by the vaginal reactions of spayed rats, from four species of 
marine invertebrates, namely a sea urchin, a reef urchin, a holothurian, and a 
lobster. The formation of oestrogen is not confined to the animal kingdom. Dohm, 
Faure, Poll & Blotevogel (1926) induced v^aginal comification and enlargement 
of the uterus in spayed mice by extracts obtained from beetroot seeds, potato 
tubers, parsley roots and yeast. Dingemanse(i93S) extracted from i kg. of honey 
amounts of oestrogen vaivnng from 40 to 600 i.u. and from i kg. of dried sage 
Kroszczynski & Bychowska (1939) obtained 6,000 i.u. of oestrogen. 

Aschheim (1933) found from 1,000 to 2,000 i.u. of oestrogen in a kilogram of 
mineral oil, and a kilogram of naphtha yielded S,ooom.u. He states that 10,000 
m.u. tvere obtained from a kilogram of natural asphalt, and that oestrogen was 
present also in coal. 

With these facts in mind, and the knowledge that some oestrogens are highly 
effective when ingested, it will perhaps be wise to defer a final opinion as to the 
possibility of taking sufficient oestrogen in our food to produce biolodcal re- 
actions. 

Artificially administered androgen. Experience has shown that the excretion 
of oestrogen in the urine may be increased after the artiticial administration of 
androgen, and it seems certain that a transformation of androgen into e>estrogen 
may occur in the body (p. 167). 
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Distribution of Oestrogen in the Body 

[a) Permeability of the placental blood vesseb to oestrogen. Several phenomena 
in the newborn human child suggest that it had been subjected before birth to 
gonadotrophin and oestrogen. Examples are mammary- enlargement and the 
secretion of ‘ witches’ milk’, hypertrophy of the uterus and prostate, and epithelial 
metaplasia in the uterus naasculinus. Possibly the effective hormones are pro- 
duced by the foetal part of the placenta, or they may have been derived wholly 
or in part from the mother. It has been proved by experiment that oestrogen can 
pass from the maternal into the foetal circulation. Courrier (1930a:) gave between 
80 and 100 r.u. of an aqueous preparation of oestrin to guinea-pigs during the last 
6 days of pregnancy. At birth the newborn females had cornification of the 
vagina and vulval swelling, their mammae secreted a little colostrum and the 
uterine horns were distended. On the 2nd postnatal day a leucocytic- invasion of 
the vagina occurred. Zuckerman & Van Wagenen (1935) saw comparable effects 
in the newborn rhesus monkey following the injection of oestrone into the mother 
shortly before parturition. 

Skowron & Skarzynski (1933) found that in the rabbit at the 20th day of 
gestation the concentration of oestrogen in the amniotic fluid corresponded 
approximately with that of the maternal blood, an equality of distribution which 
indicates a free exchange of oestrogen across the walls of the blood vessels in the 
placenta. Further, they gave to rabbits on the 20th day of pregnancy two injec- 
tions of oestrin, each of 1,000 m.u., with an interval of 3 to 6 hours between the 
two doses. Six to 8 hours after the first dose estimations were made of the oestrin 
content of the amniotic fluid and foetal tissues. Similar estimations were made 
without previous injections of oestrin. The assays showed that the amount of 
oestrin in the foetal tissues and amniotic fluid of the oestrin -treated group was 
2 or 3 times as much as that in the untreated group. 

{b) Fixation of oestrone by inflammation. It is known that finely particulate or 
colloid matter present in the blood will become concentrated in inflamed tissues. 
Brunelli (1935) showed that oestrone becomes localized in this way after its intro- 
duction into the bloodstream. He shaved the abdomens of twelve male rabbits 
and treated each of them as follows. Gauze wet with chloroform was applied 
for some minutes to one part of the shaved area to cause local inflammation, and 
to another part of the shaved area gauze wet with normal saline solution was 
applied. A watery solution containing 1,000 m.u. of oestrone was then injected 
into an ear vein . One hour later each rabbit was killed, and the two treated areas of 
skin were separately excised with the underlying tissues, dried and extracted. 
When tested for oestrogenic activity the extracts prepared from the inflamed 
tissues gave positive results in every instance, whereas those prepared from the 
non-inflamed saline-treated skin were all negative. The author (Burrows, 1932) 
has summarized the conditions leading to the localization of electronegative 
colloids from the bloodstream; such a process occurs not only in the reticulo- 
endothelial organs and in regions of inflammation, but also in the neighbourhood 
of growing tissues and in the placenta. Brunelli’s work suggests that oestrin is 
subject to a similar concentration and retention in these tissues. 
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(i) Inactivation, Metabolism and Excretion of Oestrogen 

Inactivation. The ephemeral nature of the responses to gonadal hormones 
when given artificially, shows that these hormones are not stored in an active 
form in the body and that they must be continually produced in order to sustain 
a biological effect. The quick inactivation of an oestrogen after its introduction 
into the bloodstream was demonstrated experimentally by Fee, .Marrian k 
Parkes (1929). Using a heart-lung-kidney preparation they found that if ico r.u, 
of oestrin were added to the circulating blood only about i per cent was recovered 
from the urine (B.P. 90-120 mm. Hg., T. 36 -37' C.K and in a short while after 
its introduction none could be detected in the blood. The disappearance of i>estrin 
from the blood was not attributable to its storage in the tissues of the heart or 
lung, for little if any could be detected in these organs. Further, they found that 
oestrin was not made inert by blood in vitro during 3 hours at 3 7 C. They thought 
that the inactivation of oestrin in the bloodstream might be caused by oxidation 
in the lungs. 

Zondek (i934£:) demonstrated the rapid inactivation of oestrone in the living 
body by other methods. He found that after injecting as much as 20 ,ckxo m,u. 
into rats no detectable amounts appeared in the urine. This disappearance cannot 
be explained by storage of oestrone in the body, for he gave large subcutaneous 
doses of oestrone to infantile rats and killed and minced them 3 hours later; ex- 
tracting the mince plus urine and faeces by organic solvents, he was able to re- 
cover only very small quantities of oestrogen. Not more than i per cent of active 
oestrogen was recovered 72 hours after the injection of 40,000 m.u., though by 
hydrolysis the yield could be increased. He thought that the inactivation prob- 
ably took place in the liver. 

Frank, Goldberger k Spielman (1934) injected 20,000 m.u. of oestrin into the 
ear vein of a castrated rabbit and found the blood free from detectable oestrogen 
within half an hour. By killing and extracting the animal 24 hours later barely a 
trace of oestrogen, they say, could be obtained from the body. 

Israel, ]\Ieranze & Johnston (1937) have investigated the inactwation of oestro- 
gen in dog’s blood in vitro and in the circulation. They find that oestrogen is not 
inactivated in standing blood nor in heart-lung preparations, whereas 1,000 r.u. 
of oestrogen disappeared entirely from the blood circulating in a heart -lung- liver 
preparation within 15 minutes. They believe, like Zondek, that the liver is the 
site of inactivation. 

Golden 6: Severingbaus (1938) made homotransplants of ov^aries to the mesen- 
teries of rats so that the ovarian hormones, including oestrogen, would mostly 
pass through the liver before entering the general circulation, in other rats their 
ovaries were transplanted into the axillae. The transplants became establislied at 
both sites. The rats with ovaries attached to the mesentery remained ainjcstruiis 
throughout (40 days); those with ovaries in the axillae showed iiornuil ocsirous 
cycles. Furthermore, when the pituitaries were assayed lor gonadotrophic 
potency, those of the rats with mesenteric ovaries showed an enhanced potency 
equal to that of spayed rats. In some of the rats with mesenteric ovaries these 
were removed from the mesentery' and implanted into the axilla. In ait but one 
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of these animals oestrous cycles were resumed within the next 8 to 20 days. The 
results seem to indicate that ovarian oestrogens are inactivated in the liver. 

Several later experiments have demonstrated the inactivation of oestrogen by 
the liver. To female rats between 21 and 25 days old Talbot (1939) c.c. 

of an equal mixture of carbon tetrachloride and 95 per cent ethyl alcohol, so as to 
cause degenerative changes in the hepatic cells. The rats were killed i, 2, 3 and 4 
days after the injection of carbon tetrachloride, and examination revealed that 
during the first 3 days a progressive enlargement of the uterus occurred. No such 
enlargement took place in spayed rats, and the result therefore could not be 
attributed to any direct action on the uterus of the drug used. The enhanced 
oestrogenic effect observed appears to have been the consequence of an inability 
of the injured liver to inactivate at the normal rate the oestrogen produced by the 
animals themselves (Table 132). 

Table 132. Injury of the liver as preventing the inactivation of 
naturally formed oestrogen (Talbot, 1939) 

Average weight of uterus 

Days after the dose of CCI4 Number of rats (mg.) 

II zo 

9 24 

15 37 

II 48 

5 35 

Pincus and Martin (1940) performed an experiment on the same lines as that 
of Talbot. They spayed rats and gave to some of them carbon tetrachloride; 
24 hours later all the rats received r-5y of oestrone. Vaginal smears at the end of 
48 hours showed cornification in 62-2 per cent of the animals whose livers had 
been injured by carbon tetrachloride and in 19*5 per cent of those with healthy 
livers. 

Other experiments have shown inactivation of oestrogen by the liver. Siskind 
(19416) implanted pellets of oestrone into the spleen in normal adult male rats 
and displaced the spleen with its contained pellet of oestrone into the sub- 
cutaneous tissues of the loin. In some of these rats the splenic vessels were tied 
16 days later. The animals were killed 42 days after the insertion of the pellets. In. 
the rats with intact splenic vessels which had allowed immediate access to the liver 
of dissolved hormone the testes., were normal and there was no evidence of any 
reaction to oestrogen in other organs; whereas in the rats with ligated splenic 
vessels the testes and accessory generative organs were atrophic, showing that the 
dissolved oestrogen which had been prevented from passing directly through the 
liver had not been so quickly inactivated. 

Segaloff and Nelson (1941) by a slightly different method have shown that 
oestrogens are more rapidly inactivated when introduced directly into the spleen 
than W’‘hen given by subcutaneous injection. By this means they demonstrated 
also that esterification affords some protection against inactivation, for example 
the doses of oestradiol required to produce vaginal cornification in rats, when 
introduced into the spleen, were as follows: oestradiol 507, oestradiol benzoate 
247, and oestradiol dipropionate 5y. 
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From later experiments, Biskind& Biskind (1942) have concluded that vitamin- 
B complex is needed to enable the liver to inactivate cx*strog€n. They implanted 
pellets of oestrogen into the spleens of spayed rats. As long as the animals \\ere 
kept on a nonrial diet they remained anoestrous. If, however, they were placed 
on a diet deficient in vitamin-B complex protracted (xstrus ensued. The addi- 
tion of the necessarv" vitamins to the food caused the rats to become ancxstrous 
again. 

In some of the earliest work with oestrogens it had been noticed that these 
hormones were relatively ineffective when given by intraperitoneal injection; 
probably this was because they had early encountered the influence of the liver. 

The inactivation of oestrogens, as shown in the experiments just quoted, 
apparently occurs in man. Zondek (1934^) found that when 54 mg. of ocstrone 
were given to a woman in the course of 15 days, only i*6 mg. or 3 per cent, of 
oestrogen appeared in the urine, and after a dose of 40,000 m.u. given by sub- 
cutaneous injection to a man, less than 5 per cent of oestrogen was excreted 
during the next 10 days. Given as a benzoate, oestrone was not so readily 
inactivated. 

Robson, MacGregor, Illingworth & Steere {1934) observed a similar rapid dis- 
appearance of oestrone from the blood after intramuscular injection in women 
who were past the menopause or w^ho had been deprived of their ovaries; only a 
small proportion of the injected oestrone could be recovered from the urine. 
Kemp& Pedersen-Bjergaard (1937) have estimated that to maintain the urinarj' 
excretion of oestrogen at a normal level in a spayed woman, daily intramuscular 
injections of about 2,000 m.u. of oestrone are required. 

The influence of the liver on the inactivation of oestrogen in man is illustrated 
by the fact that hepatic cirrhosis may be accompanied by an excess of free oestro- 
gen in the urine. Glass, Edmondson & Soli (1940) examined fourteen men who 
were suffering from chronic disease of the liver. Signs of excessive oestrogenic 
action were noticed, atrophy of the testicles being present in all, and gymaeco- 
mastia in eight. ^Assays of the urine showed a diminished output of androgen and 
a raised excretion of oestrogen; moreover, the urinary^ oestrogen was in a free 
form, showing that the liver had failed to conjugate it. To discover in what part 
of the liver oestrogen becomes inactivated Zondek Sc Sklow (1941) blocked the 
reticulo -endothelial sy’stem of immature rats of 50 g. by the intracardiacinjection 
of 0*4 c.c. of a colloidal solution of copper. Half an hour later 0-25 mg. of oestrone 
was given subcutaneously. Control rats, untreated with copper, were given similar 
injections of oestrone. Four hours later the animals were killed and mashed. 
Extraction of the mash showed that in both groups 98 per cent of the oestrone 
had been inactivated, from which the experimenters conclude that the hepatic 
cells and not the Kupffer cells contain the inactivating factor. 

Heller (1940) found that slices of liver inactivxite oestradiol in zi'lro, and that 
this inactivation is prevented by sodium cyanide. Oestrone, also, is rendered 
biologically inert by the liver, but all the other tissues examined enhanced the 
potency of oestrone, probably, Heller thinks, by enzymatic reduction to oestra- 
diol. The endometrium showed this enhancing ability in the greatest degree 
among the tissues examined. The inactivation of oestrone by' liver Heller ascribes 
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to enzymatic oxidation. Oestriol was less affected by the liver than oestrone. 
Heller says that the kidney, though to a less degree than the liver, has some 
capacity for inactivating oestradiol. 

Westerfeld (1940) has stated that tyrosinase, on incubation, inactivates 
oestrone, oestradiol and diethylstilboestrol. Zondek & Sklow (1942) believe that 
the inactivation is caused by an enzyme (oestrinase) which, though having pro- 
perties closely resembling those of tyrosinase, is not identical with it. They say 
that cauliflower, which contains no tyrosinase, is yet able to inactivate oestrone. 
These workers extracted an oestrinase from potato and say that (a) it was not 
affected by standing in open air for 20 hours, (i) its activity was destroyed by 
heating at 70"" C. for 45 minutes at 7-2, (^) its range of activity was j)K 5 to 9, 
the optimum being between /)H 6 and 7, (d) it was destroyed by (2 per cent) 
and by a M/500 solution of NaCN. 

Apparently the thyroid may take part in the inactivation of oestrogen. Yan 
Horn (1933) gave large doses of desiccated thyroid daily to rats. This treatment 
caused a loss of bodyweight and persistent anoestrus. In 20 among 24 of 
these hyperthyroid rats 3 r.u. of oestrone were required to produce vaginal 
comification. 

Zondek has shown that the capacity to inactivate oestrone is not limited to 
mammals ; it occurs in the frog and also in plants, including the hyacinth root and 
potato. 

It has been found by Smith & Smith (1938) that the inactivation of oestrogen 
is interfered with by progesterone, under the influence of which a larger amount 
of active oestrogen will be available for use in the body and the increased quantity 
will be found in. the urine. 

The effect of pregnancy on the detoxication of stilboestrol. This may be a con- 
venient place to mention an observation by Zondek & Bromberg (1942). To induce 
abortion three patients when between 7 and 10 weeks pregnant were given 
diethylstilboestrol, the total doses ranging from 270 to 445 mg. spread over a few 
days ; the desired effect did not follow and in each case the uterus was emptied by 
operation. Another patient whose baby was stillborn was given 340 mg. in the 
first few days of the puerperium to stop lactation. In three of the four patients 
toxic symptoms appeared during the puerperium, although the same doses given 
before the termination of pregnancy had been well tolerated. One of the women 
tolerated when pregnant 170 times as much stilboestrol as she could take without 
nausea when she was no longer pregnant. 

Deteotion of oestrogen in the circulating blood. In spite of its rapid inactivation 
in the circulation, small amounts of oestrogen may at times be detected in the 
blood (Frank, Frank, Gustavson & Weyerts, 1925; Loewe, 1925)- Frank and his 
colleagues made extracts from the blood of five sows during oestrus and tested 
them on castrated rats and mice by means of vaginal smears. Positive oestral 
responses were obtained with four of the five extracts. Frank & Goldberger 
(1926) made periodical estimations of the oestrogen content of human blood 
during the menstrual cycle. Counting from the ist day of menstruation they 
found an abrupt increase between the loth and 15th days, and thought that ovula- 
tion might be recognized by the sudden increase of oestrogen in the blood. 
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Loewe k Yoss (1926) demonstrated the presence of oestrogen in blcxMi ob- 
tained from the umbilical cord of the human baby, the hormone hanng been 
derived probably from the placenta. 

In view of the rapid disappearance of oestrogen from the circulation, as shown 
by the experiments previously quoted, these findings by Frank & Loewe and 
their colleagues suggest that w^hen demanded by female requirements the pro- 
duction of oestrone in the body must be both rapid and abundant. 

(c) Excretion of Oestragens 

Excretion of oestrogen by the kidney. The primary oestrogen elaborated in the 
ovaries appears to be oestradiol (p. 104). According to Callow (1938) oestradiol 
is converted by oxidation into oestriol and oestrone, in which forms they are 
excreted by the kidneys. Oestrone, Callow says, has been isolated only from the 
urine; it may be regarded therefore as a waste product. Oestradiol is not nor- 
mally present in the urine except perhaps in very small quantity. Smith & Smith 
(1938) noted the presence in some samples of urine of an oestrogen which was 
neither oestrone nor oestriol ; they suspected it to be oestradiol. Later Huffman, 
MacCorquodale, Thayer, Doisy, Smith & Smith (1940) identified oestradiol in 
urine collected from women during labour. They had chosen this urine for the 
investigation because it was known to contain the largest amount of an oestrogen 
which, until then, had not been identified in the urine. 

In their combined forms oestrone and oestriol are relatively inert, and in the 
earlier estimations of oestrogen in the urine only the amounts of free oestrone 
and oestriol were recogni2ed. In spite of this drawback useful information was 
obtained. 

The site of the change from oestradiol to oestrone seems uncertain. Fish & 
Dorfman (1941) gave 50 mg. of a-oestradiol propionate by mouth on two suc- 
cessive days to each of four female guinea-pigs, the first dose being given a few 
hours after the beginning of oestrus. The urine was collected during the next 
6 days, during the luteal phase of the cycle. They" found that the administered 
oestrogen was excreted as oestrone. The same obsen-ation was made with spayed 
females and normal males, from which it appears that transformation of oestradiol 
into oestrone does not necessarily take place in the ovary or the uterus. 

Excretion of oestrogen by the neteborn. As mentioned already, oestrogen can 
traverse the placenta and so enter the foetal circulation ; though it is rapidly in- 
activated in the foetus, enough passes into the urine to be detected there. Philipp 
(1929) found oestrin in relatively large quantities in the urine of newborn babies 
until the 3rd postnatal day, after which it rapidly" decreased, the tests becoming 
negative by the 6th day or thereabout. Bruehl (1929), Aieumann & Peter ( 193 1 ) 
and Lyons (1937^) have reported similar findings. In this connection it should 
be borne in mind that some oestrogen may reach the infant through the mother's 
milk, especially during the first few day^s of lactation. 

Excretion of oestrogen by adolescents. Both androgen and oestrogen are ex- 
creted in small amount by boys and girls. At puberty there is a rise in the amount 
of oestrogen excreted in both sexes. A rise occurs at this time also in the output of 
androgen, but this is less pronounced in girls (see Tables 77 and 80, pp. 1 69, 1 70). 
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Urmary excretion of oestrogens during varying states of the sexual organs. Loewe 
& Lange (1926) discovered that the amount of oestrin ia the urine of normal 
women varies at different times, the highest yield being obtained about the middle 
of the menstrual cycle. Siebke (1930, 1934) made periodical assays of urine 
throughout the menstrual cycle in normal women, and found the highest con- 
centration of oestrogen, namely about 200 i.u. per diem, 12 to 10 days before 
menstruation, and the lowest during menstruation. Gustavson &: Green (1934) 
and Gustavson, Wood & Hays (1936) carried out similar investigations and noted 
a sudden rise in the output of oestrogen between the 9th and 12th days of the 
cycle, about the time of ovulation, followed by a rapid fall to zero and a second 
rise between the 14th and 21st days of the cycle followed by a gradual fall. Frank, 
Goldberger & Spielman (1934) observed an increased excretion of oestrin on 
about the loth day of the cycle followed by a fall and a second rise about 3 days 
before menstrual bleeding. Smith & Smith (193s) found in normal women the 
highest output of oestrogen on the isth day of the cycle and the minimum on the 
istdayof menstruation. Palmer (1937) obtained corresponding results. He says 
that on about the 14th day of the cycle there is a sudden large output of free 
oestrone, that is to say oestrone not combined with glycuronic acid. Yerby (1937) 
found two high peaks of oestrin excretion during the menstrual cycle, namely at 
about the middle of the cycle and just before menstruation. In a woman with 
a 21 -day cycle the first peak occurred on the 9th day and the second peak on the 
17th. In another woman with a 30-day cycle the first peak was recorded on the 
15 th day and the second peak on the 28th. 

Spurrell & Ucko (1938) tested the oestrogen excretion of two normal women 
throughout the menstrual cycle. The early morning specimens of urine during 
each successive period of 4 days was bulked and assayed. In one of the women 
the maximum output of oestrogen took place between the nth and 15th days, 
and in the other between the 1 6th and 20th days. In both the lowest level occurred 
at menstruation. 

Allen, Diddle, Burford & Elder (1936) made similar assays of urine during the 
menstrual cycle in the chimpanzee. Oestrin was present in the urine throughout 
the cycle, the highest yield being at about the time of greatest genital swelling, 
midway between two menstruations and corresponding approximately with the 
time of ovulation; the lowest yield was obtained during the menstrual flow. 
Palmer (1940) says that menstrual bleeding is accompanied by the excretion of 
uncombined oestrogen in the urine, and this is found also to accompany normal 
labour, abortion and menorrhagia. 

Others have confirmed these observations (Smith, Smith & Pincus, 1938 ; Von 
Haam & Rothermich, 1940). It seems possible that the second high level of 
oestrogen excretion during the oestrous cycle may be attributed to the action 
of progesterone in preventing the inactivation of oestrogen or in assisting its con- 
version into oestriol, which is more readily excreted (Smith, Smith 8c Pincus, 1938). 

Reference has been made already to the formation and excretion of oestrogen 
by males, and to the fact that the artificial administration of androsterone or 
testosterone to men is followed by an increased concentration of oestrone in the 
urine (pp. 103, 107). The results about to be quoted show that the output of gonadal 
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hormones in the urine is not undely divergent in the two sexes in adult life; in 
normal conditions men, regarded collectively, excrete more androgen and less 
oestrogen than women, but the average amount, in each case, lies within the 
limits of individual variation in the other sex. This is shown by the results of 
assays carried out by Gallagher, Peterson, Dorfman, Kenyon & Koch (1937; see 
also Gallagher, Kenyon, Petersen, Dorfman & Koch, 1937), whose 

estimations are set out in Table 133. 

Table X33. Urinary output of androgen and oestrogen in normal men and 
women (Gallagher, Peterson, Dorfman, Kenyon Koch, 1937) 

Andro.tien per diem Oestroiren per Jimi 

{c.u., ) iequi'\'.ilent to y of estrone I 

Number Subjects Ages Max. Min. A^^erage Max. Min. Average 

4 Normal men 26-35 79 13 4® 2 10 

4 Normal women 23-34 S* 13 28 60 2S 27 

The infiuence of progesterone on ike excretion of oestrogen. Qualitative as well as 
quantitative differences have been recognized in the excretion of oestrogens 
during the menstrual cycle. Smith & Smith (1931) noticed that in eight women 
who were being treated with chorionic gonadotrophin the concentration of 
oestrin in the blood and urine decreased after 4 or 5 days of treatment. Following 
up this observation they experimented on rabbits and found that by the admini- 
stration of either a luteinizing gonadotrophic extract or progesterone to normal 
female rabbits the urinary^ output of oestrin could be increased tenfold. Xo in- 
crease occurred in spayed rabbits under the influence of gonadotrophin . If a dose 
between 600 and yoo r.u. of oestrin were given intravenously into spayed rabbits, 
about 30 r.u. were excreted in the urine during the next 4 days. The same dose of 
oestrin, if progesterone also was given, was followed by a recovery’ of 5CX) r.u. of 
oestrin from the urine. From these results Smith k Smith concluded that proge- 
sterone facilitates the excretion of oestrin. In a later paper (1938) they give the 
results of urine assays made in a woman of 27 at different stages of the menstrual 
cycle. Throughout the cycle the output of oestrone was greater than that of 
oestriol but the amount of oestriol excreted was increased during the luteal phase. 
They believe that progesterone facilitates the formation of oestriol, which is a 
less active oestrogen and is more readily excreted than oestradiol or oestrone. 
Their vievAB are supported by observ'ations, about to be quoted, on the output 
of oestrogens during pregnancy and pseudopregnancy. 

Excretion of oestrogens in pregnancy end pseud opr egnancx. Cohen, !Marrian & 
Watson (1935; see also Marrian, Cohen & Watson, 1935 ) have investigated the 
urinaiv" content of oestrogens during pregnancy in women. They tind that during 
most of this period 99 per cent of the excreted oestrogens appear in a combined 
and relatively inactive form and that oestriol is the chief oestroeen excreted 
during pregnancy. After the 3rd month of gestation there is a large increase in 
the output of combined oestrogens, the average daily output 1 week helore 
labour being 22 mg. of combined oestriol and 3 mg. of combined oestrone. 
Shortly before parturition the amount of combined hormone drops sharply 
and free oestriol with a little free oestrone appears. Schachter &: Marrian 
(1936) showed that this is not a general zoological phenomenon, for in the 
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mare parturition is not accompanied by pronounced changes in the ratio of 
free to combined oestrogen. 

Patterson (1937) says that by a modification of Kohr’s colour test oestriol may 
be detected in the urine at the same stage of early gestation as the positive 
Friedman reaction. He used B. coli to hydrolyse the oestriol glycuronate. By this 
method the colour test gave the same results as the Friedman test in all but one 
of sixty-five cases. 

Smith & Smith (1938), like Marxian, Cohen & Watson, find that oestriol pre- 
dominates over oestrone in the urine during pregnancy. At the time of labour 
they have observed a fall in the output of oestriol and a rise in that of oestrone. 

Pincus & Zahl (1937) experimented with rabbits. After the injection of 30Oy 
of oestriol into a pregnant or pseudopregnant rabbit, that is to say an animal with 
active corpora lutea, the oestrogen was largely excreted as oestriol. After the in- 
jection of 3007 of oestrone in similar conditions both oestriol and oestrone were 
excreted, whereas when the same dose was given to a rabbit whose ovaries had 
been removed 2 months previously, oestrone only appeared in the urine. The 
same dose of oestrone injected with 5007 of progesterone in a rabbit which had 
been spayed a long while previously was followed by the appearance of oestriol in 
the urine. This, however, did not occur in the absence of the uterus. Pincns & 
Zahl conclude that the excretion of oestrogen in the form of oestriol depends on 
the progestational or gestational uterus under the influence of progesterone. 

The effects of varying sexual conditions on the excretion of oestrogen is shown 
in some experimental results obtained by Pincus (1937) in rabbits. To these were 
given 3007 of oestradiol, and the urine was thereafter assayed. In this way it was 
shown that in non-spayed rabbits the oestrogen was excreted almost entirely as 
oestrone, though in pseudopregnancy there was a considerable output of oestriol 
also. In spayed rabbits the oestrogen appeared in the urine as oestradiol (Table 
134). The results suggest that oestradiol is converted into oestrone by the ovary 
and into oestriol by the pseudopregnant uterus. Oestriol injected in any of the 
conditions mentioned in the table was excreted as oestriol. If 0*5 mg. progesterone 
were given at the same time as 3007 of oestrone the latter was largely excreted as 
oestriol unless the uterus had been removed previously, in which event the urine 
contained oestrone only. 

Table 134. Excretion of oestrogen by the rabbit after the administration of 
3007 of oestradiol in varying conditions of the reproductive organs (Pincus, 1937) 


Condition of rabbit 

Total oestrogen 
excreted 

(y) 

Oestradiol 

M 

Oestrone 

(y) 

Oestriol 

(y) 

Oestrous 

40 

0 

40 

0 

Pseudopregnant 

115 

0 

80 

35 

Hysterectomi2eci 

3 ^ 

0 

30 

0 

Spayed 

24 

24 

0 

0 


Excretion of oestrogen by the Iwer. Apparently the liver not only inactivates 
oestrogen but takes part also in its excretion. Cantarow, Rakoff, Paschkis Sc 
Hansen (1942) made biliary fistulae in dogs and examined the bile for oestrogen. 
In 24-hour specimens of bile from untreated dogs no oestrogen was detected. 
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After a single intra^^enous injection of 250,000 i.u. of oestrone, 120,000 i.u, of 
total oestrogen, of which 100,000 i.n. were free, were detected in the bile excreted 
in the 24 hours succeeding the injection, and 120,000 i.u., of which 88,000 i.u, 
were free, were excreted in the next 24 hours. These workers believe there may 
be an ‘enterohepatic circulation of oestrogens’ like that of bile. It is clear that 
further experiments will have to be done before any estimate can be made of how 
much active oestrogen is excreted by the kidneys and liver respectively, and how 
much is inactivated in the body. 

Excretion of oestrogen by the mamma. Although the breast can hardly he re- 
garded as an important factor in the elimination of oestrogen so far as quantities 
are concerned, the presence of oestrogen in milk, even in small amounts, cannot 
be ignored in view of the effects it may have on the young. Courrier (1930a) 
observed that if daily doses of 80 or 100 r.u. of oestrin are given to a guinea-pig 
which is suckling, after 3 or 4 days not only will the mother show a response but 
so also will the nurslings. The effects on the latter include opening of the vagina 
with keratinization, enlargement and muscular activity of the uterus, and ex- 
cessive development of the mammae. Lacassagne & Nyka ( 1934) found oestrogen 
in colostrum 1-5 c.c. of which, g^ven subcutaneously, caused vaginal coroificttion 
in spayed mice. They also detected oestrogenic activity in the fluid obtained from 
cysts in the non-cancerous part of a human breast in which a carcinoma was 
present. No oestrogen was discovered in the cancerous tissue. 

Gradients of Responsiveness 

Widely extended gradations of responsiveness to oestrogen exist, not only be- 
tween one organ and another, but also betsv’een the different parts of a single 
organ. Loeb (1928) called attention to the graded intensity of epithelial reaction 
which can be seen in the different parts of the vagina and uterus of the guinea-pig 
both during natural oestrus and after the administration of an oestrogenic ovarian 
extract. The responses occurred most readily in the vagina, then in the cervix and 
later in the uterine horns. ’Espinasse (1934) has noted that, although they are 
both miillerian structures, the oviduct and uterus of the mouse do not show the 
same reactions to ovarian hormones. 

Gradations of susceptibility to epithelial metaplasia in the generative organs 
of male mice under the influence of oestrogens have been described by the writer 
(Burrows, 1935 a, &). The first appearance of a cornifying epithelial metaplasia 
in these animals is seen in a vestigial cyst, when this is present, which is regarded 
as an occasional surviving relic of the uterus masculinus ; in this structure a corni- 
fying metaplasia may be seen before it has taken place elsewhere. The next onran 
to be affected is the coagulating gland, and after this the seminal vesicle; still later 
the prostate will show metaplasia. Gradients of responsiveness can be dis- 
tinguished not only between one organ and another but between different regions 
of the same organ . Thus in the coagulating gland of the mouse the earliest changes 
occur in the ducts, from which foci they spread in both directions, that is down- 
ward to the urethra and upward to the body of the gland and along the secretory 
epithelium, within the gland, the glandular cells nearest to the ducts being first 
affected- In consequence of this gradual spread one may see at the same time an 
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adranced metaplasia in the ducts and adjacent part of the gland, an intermediate 
region in which secretion has ceased though metaplasia is absent, and a peri- 
pheral zone in which the cells are normal in appearance and are actively secreting. 
Similar gradients of reactivity have been noticed in the prostate and in Cowper’s 
glands (Burrows, 1935 c, 1937^?). 

Gradations of sensitivity to oestrogens have been demonstrated by Bachman, 
Collip & Selye (1935) in the sexual skin of rhesus monkeys. They administered 
at first 200y of oestriol 3 times a day and later gave a single daily dose of 5007. 
The first effect, seen within 48 hours, was an oedema of the anus and adjacent 
base of the tail. During the next z days the skin of the genital region reddened 
and began to swell. Gradually the oedema spread so that after 8 or 10 days the 
entire area of the pubes, inner sides of the thighs, perineum and proximal third 
of the tail had become oedematous. 

By using Dustin’s colchicine technique Allen, Smith & Gardner (1937) Avere 
able to define very neatly the gradation of responsiveness to oestrone between the 
vagina and uterus. Mice were spayed and 2 months later each was given a single 
injection of 50 i.u. of oestrone in oil. After intervals varying from 9J to 48 hours 
the mice were killed, having received o-i mg. of colchicine hours before death. 
The mice which had been given oestrone and colchicine hours before death 
showed abundant mitoses in the vaginal epithelium, but very few in the uterus; 
other mice killed 13-I hours after the dose of oestrone showed numerous mitoses 
in the uterine glands and epithelium. 

An interesting example of a graded response to oestrogen is seen in the general 
skeleton. Apart from the bones forming the symphysis pubis, oestrogen causes 
super-calcification throughout the osseous system, but this effect is most pro- 
nounced in the pelvis, spine and femora; in the tibiae, though less obvious, it is 
still rather pronounced; in the bones of the forelimb it is slight. 

The distribution of osseous tumours in mice, as reported by Pybus 8c Miller 
(1940), corresponds with the gradient of responsiveness to oestrogen as outlined 
above. These tumours occur in females more frequently than in males and oestrin 
is thought to play a part in their development. 

Reversibility of the Effects 

A remarkable character of most, though not all, of the tissue changes induced by 
oestrogen in the adult animal is their reversibility. The fact itself is familiar in 
connection with the changes in the vagina and uterus which occur during the 
oestral cycle, and is of general application to non-malignant epithelial metaplasia 
induced by oestrogen. In mice the coagulating glands and seminal vesicles which 
hav^e been converted under the influence of an oestrogen into mere cysts lined 
with a cornified epithelium and perhaps filled with cornified debris, on cessation 
of the abnormal supply of oestrogen will revert to their original form, become 
lined once again with a secreting epithelium and once more be able to perform 
their peculiar functions (Burrows, 1935 6, c). 

The subject is one of importance in connection with the therapeutic use of 
gonadal hormones in man. Oestrogens are largely used for the treatment of 
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gonorrhoeal vaginitis in children. This kind of therapy would hardly be possible 
if the changes produced hy it in the organs of the body were permanent. Under 
the action of oestrogen the ovaries become atrophic, and this consequence could 
not be regarded with equanimity if it were to endure after the treatment had 
ceased. Allen & Diddle (1935) disposed of this question by giving oestrone to 
immature female monkeys for periods of z 8 and 39 days. Immediately after the 
last injection one ovary was removed and examined. It showed atrophic changes, 
including a slight decrease in size with follicular atresia. After the monkeys had 
been without further oestrone injections for 30 days the second ovary was re- 
moved and was found to be normal, having quite recovered from the effects of 
the excessive supply of oestrone. 

Gradients of recovery. Such a return to normal takes place in the reverse order 
of that in which the pathological changes first occurred. Xot only are the organs 
which were affected last the first to recover, but within each organ the parts last 
to become altered show the earliest return to normal. In the mouse the peri- 
pheral alveoli are the first parts of the prostate, seminal vesicle and coagulating 
gland to regain their glandular histology and secretory functions, and they naay 
arrive at this stage while the proximal alveoli, nearest the main ducts, still 
show a pronounced degree of abnormality. In the mouse the ducts and the part 
of the coagulating gland nearest the urethra are usually the last portions of the 
generative system to regain their normal state. 

Irreversible changes. Some of the effects of oestrogen, especially if given 
during embiy^onic or early postnatal existence, are permanent. As examples may 
be mentioned the conformation of the skeleton, hypospadias, and the persistence 
of Muller’s ducts in the male. Malignant neoplasia may be mentioned as another 
instance of an irreversible change. 

The capacity to respond to oestrogen and the degree of responsiveness are innate 
cellular characters. In an earlier page (277) the epithelial metaplasia induced by 
oestrogen in the accessory^ generative organs has been described as ‘spreading’ 
from one part of an organ to another. This expression is not meant to convey the 
idea that some agent causing metaplasia passes from cell to cell while the process 
is actually going on. The capacity for individual cells to react to an oestrogen, 
though finely graded according to their anatomical situation, appears to be an 
innate property of the cells themselves. 

Although in many regions of the body the boundary" between reactive and 
relatively inactive tissue is ill defined, a region of responsiveness gradually passing 
into one of irresponsiveness, there are certain places where the transition is 
abrupt. Thus the proximal segment of the urethra from the bladder to the 
opening of the prostatic ducts resists the metaplastic influence of oestrogen, 
whereas the distal portion of the urethra is very readily affected; and, as Alien 
(1940) has noted, the mitoses induced by oestrone in the mouse’s endometrium 
cease abruptly at the utero-tubal junction. 

Charapv (1922) made a similar obsen’ation with regard to the action of 
thyroxine on amphibian larvae. Under the influence of thyroxine the epidermal 
cells of the anterior limb-bud area proliferate while tht)se of the adjacent gill area 
degenerate. It seems clear that the graded responsiveness to hormonic influence 
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is a property inherent in the individual cells and does not depend on the trans- 
mission of some agent along neighbouring structures. 

The capacity to respond in a particular way to a given hormone is retained by 
tissues when transferred to other parts of the body. Friedman (1929^) trans- 
planted rabbits’ ovaries into the rectus abdominis muscle and found that follicles 
matured and ovulation followed mating, thus showing that despite their altered 
surroundings the ovaries still reacted to gonadotrophin. 

Strieker & Griiter (19296) autografted mammae together with their nipples and 
surrounding skin into the ears of immature rabbits. Between 4 and 5 months 
later the transplants showed the structure of normal mammae in repose. If the 
animals became pregnant the transplanted mammae grew, showing abundant 
alveoli on the 13th day, and lactation occurred in them when the rabbits had 
littered. 

Danforth (1930 12, 6), transplanting the skin of fowls into birds of the opposite 
sex, found that, while retaining their racial characters, the grafts responded to the 
sex hormones of the host in the same manner as in their original situation, 
A cock’s skin transferred to a hen produced the female type of feathers. Raynaud 
(1930) spayed adult guinea-pigs and transplanted small portions of their vaginae 
into the pectoral region. Two or three weeks afterwards injections of oestrone 
were given and the animals were killed 4 days later and autopsied. The grafts 
were found to have reacted to oestrone in the ordinary way and with the same 
intensity as the intact vagina, 

Markee (1933) transferred pieces of endometrium from a rhesus monkey into 
the anterior chamber of its eye and in this way was able to observe the endo- 
metrial changes accompanying menstruation ; they were the same as those occur- 
ring in the normally situated endometrium. 

Additional evidence that a tissue retains its responsiveness to oestrogen in 
spite of its displacement to another part of the body is afforded by an experiment 
done by Bachman, Collip & Selye (1936) on the female rhesus monkey. By means 
of a pedicle flap they transplanted a piece of skin from the reactive area in the 
thigh to the abdomen. After division of the pedicle the daily administration of 
5007 of oestrone to the monkey caused the same reactions in the grafted skin as it 
would have shown in its natural surroundings in the thigh. The same workers also 
transplanted a piece of skin from a non-reactive area of the abdomen to the genital 
region. During treatment of the monkey with oestrone the transplant remained 
as a pale island of skin in brilliantly coloured surroundings. Zuckerman, Van 
Wagenen & Gardiner (1938) have repeated the former of these two experiments 
and obtained the same results as Bachman and his colleagues. For another 
procedure of this kind see p. loi. 

Variations in sensitivity to gonadal hormones, and the possibility of acquiring 
resistance to their action, have been mentioned earlier (pp. 133, 138) and there 
is no necessity to discuss the subject here. 



Chapter XII. The Action of Oestrogen on the Embryonic Gonads 
and Mullerian and Wolffian Systems 

Embryonic gonads. Embryonic Mullerian and Wolffitn systems. 

The Embryonic Gonads 

I N reviewing the actions of oestrogen in the living body we have first to consider 
the question: ‘Can oestrogen influence the sex of the enibr\'o; can it reverse the 
genetic trend towards a male or female development of the gonads ? * 

Experimental difficulties have prevented a study of the actions of oestrogen on 
the mammalian embryo in the earliest stages, and therefore the question proposed 
above must be left open as regards mammals. In amphibia and birds evidence 
of sex reversal has been brought forward, but even in these the reversal is in- 
complete (p. 184). 

Bums (1925) joined in parabiosis larval salamanders (MmklysiomM jmmimiMM). 
Eighty such pairs survived until it was pc^ible to identi^ tte sexes by lubtolc^. 
In every instance the pairs were of the same sex, the twins were both male in 
forty-four instances and both female in thirty-six. No inter^xual abnormalitio 
were discovered, every pair consisting of perfect males or perfect females. 
Apparently in this experiment a reversal of sex must have occurred in approxi- 
mately half the number of original individuals. The cause of sex reversal in this 
case cannot be stated; it mayor may not have been due to gonadal hormones, but 
the experiment does seem to show that in these salamanders the genetic deter- 
mination of sex is not necessarily final in every’ respect. 

Ackart & Lea\7(i939) experimented with larval axolotls iigrinum). 

When the larvae were 30 mm. in length, at which stage sex differentiation was 
beginning, biweekly injections of 257 of oestrone were started and continued 
until the lar\^ae had a length of 65 mm., the total dose of oestrone being 3507. 
At the end of this treatment there were no typical males, nine of the fifteen 
survivors being normal females, the remaining six having gonads which re- 
sembled ovaries and on microscopical examination were found to be ovotestes. 
From this it appears that the genetically determined sexes of these larvae had not 
been changed by the treatment with oestrone, though the male gonads had been 
modified. 

Foote (1940) performed the same sort of experiment, using larvae of two species 
[Amblystoma nidculatum and A. tigrimm). Treatment of the former was started 
when the lan^ae were 57 days old and continued until metamorphosis occurred 
between the noth and 142nd days. With Amblystoma tigrimm treatment with 
oestrogen was maintained from the 50th to the 22 ist day, metamorphusis taking 
place meanwhile. Oestrone, oestradiol dipropioaate or testosterone propionate 
w’as dissolved in alcohol and added daily to the aquarium water up tu a concen- 
tration of 5007 to the litre (i in 2,000,000). The results (I'ahle 135 1 show that 
intersexual forms of males Avere common among the controls and testosterone- 
treated animals though the sex ratio was not altered, whereas in those treated with 
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oestrogen sex reversal seems to have occurred in view of the final ratio of 53 
females to 15 intersexxial males. Oestrogen, in addition to its action on the testes, 
had stimulated the growth of the miillerian ducts. 


Table 135. The effect of oestrogen in determining the sex of 
larval salamanders (Foote, 1940) 



Females 

Intersexiial males 

Normal males 

Controls 

27 

14 

12 

Testosterone 

34 

27 

7 

Oestrogen 

S 3 

15 

0 


Much work of this nature has been performed on embryo fowls. Minoura 
(1921) grafted small portions of ovary onto the chorioallantoic membrane of 
embryo chicks between the 2nd and i6th days of incubation, with the result that 
in males the testes became modified and the individuals had the appearance of 
females. 

Kozelka & Gallagher (1934) injected looy of oestrone or oestriol dissolved in 
ethylene glycol into the albumen of eggs of white and brown leghorns on the 3rd 
day of incubation and examined the chicks on the 20th day of incubation. They 
also injected eggs with 10 c.u. of androgen prepared from men’s urine, plus 6*3 
r.u. of oestrogen. Their results, which are summarized in Table 136, show that 
oestrogen can modify the testes so that they tend to resemble ovaries. In two in- 
stances the ovary had been altered under the influence of oestrone so as to have 
the appearance of a testis. In the third experiment, in which a high proportion 
of gonadal abnormality was induced by the combined action of oestrogen and 
androgen, the results are difficult to interpret because the effects attributable to 
each of the hormones used cannot be distinguished and separated. 


Table 136. The action of gonadal hormones on the gonads of 
embryo chicks (Kozelka &: Gallagher, 1934) 


Number 

37 

31 

56 



Sex of chicks at 
end of incubation 

Bisexual or abnormal 

Changes in 
miillerian 

Hormones injected 

Female 

Male 

gonads 

system 

Oestrone (loooy) 

21 

16 

4 (2 males, 2 females) 


Oestriol (looy) 

17 

14 

4 (males) 


Androgen (10 c.u.) plus 
oestrogen (6*3 r.u.) 

21 

17 

18 (ovotestis or right 
testis and left ovary) 



Willier, Gallagher & Koch (1935) injected from 56 to 2,250 r.u. of oestrone or 
oestriol into the albumen of eggs which had been incubated for 24 hours, incuba- 
tion being continued till the 19th day. On examination it was found that the left 
testes were flattened and resembled ovaries. With the larger doses the right testes 
also were flattened. Dantchakoff (1936) injected fowls’ eggs with oestrone on the 
4th day -of incubation. On hatching, the chicks all appeared to be females. The 
right gonads in the males were perhaps 2 cm. long and 1*5 cm. wide, and had the 
appearance and structure of ovaries. On the surface of an altered gonad of this 
kind small vesicles were present, visible to the naked eye, and there were follicles 
containing ova. But this ovary-like organ, Dantchakoff says, is not identical with 
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the functional left ovary; it rather resembles the organ of Bidder of amphibia. 
The male feminized in this way, she says, is not a female though l>eha\ing as 
such; the male genetic tendencies are not abolished in the cells and tissues 
generally, and in time remasculinization occurs. Dantchakotf’s conclusions are 
interesting in connection with the results of experiments reported by Gaaren- 
stroom (1937). He injected oestrone dissolved in olive oil into fowls’ eggs in 
the first few days of incubation, and among the embiyos examined after this 
treatment there was a large predominance of females, together with a considerable 
number of birds described as interscxual, having a right gonad considerably 
smaller than the left (one- third to two-thirds the size). In those regarded as 
females the left gonad only was present. Controls were given injections of olive 
oil alone. The results are shown in Table 137. 


Table 137. The results of injecting oestrone into fowls’ eggs at an 
early stage of incubation (Gaarenstroom, 1937) 


Numl>er of 
eggs _ . 

Substance 

injected 

Number of 
cmbryc^ 

Feinyik 

Male 

Intern 

.2500 

Oestrone 

68 

43 

S 

17 

150 

Olive oil 

43 

24 

19 

0 

ISO 

None 

91 

43 

4 B 

0 


Microscopical examination of the left gonads in thirty-five of the chicks were 
made and the results are shown in Table 138. 

Table 138. The effect of oestrone on the left embrv^onic gonads of 
the chick (Gaarenstroom, 1937) 

13 Females 8 Males 14 Intersexuals 

Ovaries Testes Ovotestes Ovaries Testes Ovotestes Ovaries Testes Ovotestes 
13 0032361 

Gaarenstroom states that the influence of oestrone in sex determination in his 
experiment could be traced if it were giv^n on or before the 6th day of incubation, 
and if given after the 7th day this effect on the gonads was not produced. These 
experiments leave little doubt as to the restraint exercised by oestrone on the 
development of the male gonad in the chick, if given at an early enough stage of 
embr5ronic development. 

Riddle & Dunham (1942) studied the effects of oestrogen when given before 
ovulation and perhaps before fertilization. They used the ring dove {Streptopelm 
decaocta^ syn. risoria). The bird lays only two eggs in each nesting cycle, the 
second egg being laid about 40 hours after the first. It is thus possible to antici- 
pate oxoilation of the second egg. Between 26 and 34 hours before the second ecg 
was laid, each of seventeen doves was given an intramuscular injection ui 0*5 i*r 
1 mg. of ocstradiol benzoate. After hatching the yuunii genetic niako can be dis- 
tinguished from the females by the diff'ereiit colour their plumes. The results 
of the experiment were as follows: Females were apparently liiiaTiected by the 
injections of oestradiol; most of the seventeen genetic males on the other hand 
showed anatomical aberrations: (</) the left testis possessed an abnormally thick 
ovarian cortex and sometimes resembled an ovary in shape, and niiilleriaii ducts 
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were unusually large and persistent. The right testis was unaffected. The experi- 
menters explain that in the embryo male of this species the left testis normally 
shows a slight temporary dev^elopment of ovarian cortex, which is usually main- 
tained until hatching and then completely disappears. It seems that in this ex- 
periment the amount of oestrogen transferred from the mother to the egg must 
have been very small. 

In the preceding experiments, except those of Dantchakoff, the chicks were not 
allowed to grow up, so that no evidence w^as provided of the permanence or other- 
wise of the changes which oestrogens had caused. Later work has confirmed 
Dantchakoff ’s observation that the gonadal changes induced in chicks by intro- 
ducing oestrogen into the eggs at an early stage of incubation are for the most 
part transitory. Domm (1939) injected oestradiol in doses ranging from 1,500 to 
3,000 r.u., or oestrone in doses of 0*5 or i mg., into the eggs of brown leghorn, 
fowls between the 3rd and 5th days of incubation. The number of eggs so treated 
was 410 and from these 69 chicks hatched and 51 survived to maturity, of which 
24 were males and 27 w^ere females. The sexes could be distinguished at the time 
of sexual differentiation, but after the first moult many of the males developed 
‘ henny ’ plumage. Their behaviour was that of males somewhat lacking in vigour. 
On killing and dissecting them the left testis was in every case found smaller than 
normal, flattened and like an ovary in shape, and with an uneven surface. The 
right testis showed the same deformations in a less pronounced degree. In some 
instances oviducts were absent, in others they were present; in yet others only 
the cranial ends had persisted. The left oviduct when present was better developed 
than the right. There were vasa deferentia, though not so large or convoluted as 
in normal cocks. Microscopically the left gonad was found to be an ovotestis 
beneath the cortex of which were seminal tubules showing spermatogenesis. In 
a single instance follicles of varying size, containing normally developed ova with 
yolk granules and nucleus, were present in the cortex. The right gonads showed 
similar changes in a less pronounced degree and no follicles were present. 

Clarification of the effect of oestrogen on the chick’s gonads has followed later 
experiments by Gaarenstroom (1939). On the 2nd day of incubation 300/ of 
oestradiol benzoate or diethylstilboestrol were injected into the eggs of white 
leghorn fowls. The chicks were examined at the end of the incubation period, and 
among a total of 85 so treated there were 72 ‘hens’, 13 ‘intersexuals’ and no 
cock. In every case microscopical examination showed the left gonad to be an 
ovary. In another experiment (Gaarenstroom, 1940) a large number of white 
leghorn eggs were treated in the same way as before on the second day of incuba- 
tion, and 159 of the chicks hatched. These were killed at three different periods 
after hatching and they revealed the fact that the feminizing effect of the treat- 
ment on the gonads largely disappeared in the course of time, (i) Of those killed 
I week after hatching 80 per cent had ‘ovaries ’ and miillerian ducts. (2) Among 
the chicks killed 2 months after hatching 50 per cent only were normal hens; all 
the others had testicular tissue, although in some of them well-developed ovarian 
follicles were present also. (3) The remaining group of fowls, killed 9 months 
after hatching, showed a normal sex ratio. Most had normal testes, though 
miillerian ducts had persisted; in two a few small ovarian follicles were seen. 
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MtLLERIAN AND WOLFFIAN SYSTEMS 

There appears to have been among the males in this series first a nioditicatioii 
of the testis to the semblance of an ovar)% followed later by a transition of the 
pseudo-ovary into an ovotestis and finally into a testicle. 

Although, as appears from the observations just related, the feminizing effect 
of ov^arian hormones on the testis is especially pronounced in the earlier stages of 
development, it is not necessarily confined to embiv'onic life. It will be re- 
membered that in hens only the left gonad evolves into a functional ovar}\ the 
right gonad remaining rudimentaiy^. Domm (1929) noticed that if the ..svarc were 
removed from a young chick the right nidimentar}’ gonad was apt to develop into 
an organ resembling a testis to the naked eye, and in some instances it produced 
spermatozoa. The experiment shows that in the hen a normally dtn eloping ovary 
restrains the latent masculine potency of the right vestigial gonad. 

Later experiments have shovvii that the influence of the ovary in suppressing 
the male elements of the gonads is dependent mainly or entirely on oestrogen. 

In mammals the administration of oestrogen to the mother early in gestation 
is apt to prevent nidation of the ova, or, if given shortly after fixation of the 
blastocysts, to cause their deaths; for the most part we can abser\^e the influence 
of oestrogen on the development of the testis in mammals only when the hor- 
mone has been administered in the later stages of foetal life or after birth. The 
tw^o effects on the testis constantly seen in these circumstances are ( i) its retarded 
development and (2) non-descent. Both of these results may be attributed to the 
inhibitory effect of oestrogen on the gonadotrophic potency of the pituitan\ 
Greene, Burrill & hy (1938^) gave oestradiol dipropionate, in doses vanring from 
0*375 4 pregnant rats on the 13th, i4.th and 15th days of gestation. 

In eight of the twenty-four males born from these mothers the testes were 
abnormally high in position and in three were in the position of ov’aries, at the 
caudal end of the kidney. 

For a note on the meaning of the term "sex reversaT see p. 184. 

The embryonic Mullerian and WollBSlan systems 

Experiments have shown that a specific function of oestrogen is to preserv^'e and 
stimulate the development of the niiillerian apparatus. On the wolffian system an 
inhibitory action has been occasionally noticed (Greene, Burrill & Ivy, i93Sr; 
Raynaud, 1939^), but this usually has been slight and has not been observ’ed as 
a constant phenomenon. 

Lacassagne (1934^) gave weekly injections of 1,000 i.u. of oestroiie benzoate 
dissolved in olive oil to a male rabbit from the day of its birth onward, the doses 
being later increased to 10,000 i.u. The rabbit was killed when 7 J months old and 
was found to have a large bicornuate uterus masculinus which was lined in parts 
by columnar cells and in other parts by a squamous keratinized epithelium. Close 
to the vas deferens and parallel with it was another small duct which Lacassagne 
thought might he a persistent relic of Miiller’s duct, that is to say an oviduct. 

Burrows (1934^, 1935 r) treated 373 male mice by applying various 
oestrogens twice a week to the skin of the back for perioeis of 50 days and upward. 
In seventeen of these there were present at death keratinized cysts dorsal to the 
prostatic urethra and lying between the vasa deferentia. There seems little doubt 
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that these cysts, the largest of which was 10x13x13 mm., were remnants of a 
uterus masculinus, preserved, enlarged and keratinized under the influence of 
oestrogen. Rauther (1904) and Raynaud (1938^2) have both shown that a uterus 
masculinus is present in newborn mice, though it disappears in normal circum- 
stances before adult life is reached. 

Zuckerman & Parkes (1935) regard cornification. of the uterus masculinus as 
an indication that the organ, or the part of it which undergoes cornification, is 
derived not from the rniillerian ducts but from the urogenital sinus. 

Raynaud (1939 a) injected oestradiol into pregnant mice with the result that in 
the male offspring the mullerian system was preserved, a uterus, occasionally well 
developed, was present, and in some instances oviducts were found opening 
against the wall of the testis. The wolffian ducts were either normal or partially 
atrophied, that is to say, the epididymis was not well developed and the diameter 
of the vas deferens was reduced. Similar results were obtained in the offspring 
by giving i mg. of stilboestrol to mice on the 13th or 14th day of pregnancy 
(Raynaud, 1939&). In these experiments Raynaud noticed also some inhibition 
of the development of the prostate, seminal vesicles and other male accessory 
reproductive organs, and Greene, Burrill & Ivy (1938c) have noticed similar 
inhibitions in the rat under the same experimental conditions. They have also 
recorded the development of a vagina in some of the males. 

Bums (1939(2) gave injections of oestradiol to young male opossums from the 
4th to the 1 8th day of pouch-life. This treatment caused preservation of the 
miilierian ducts and hindered the development of the prostate. 

Persistence of mullerian structures in male birds after injection of oestrogen 
into the egg in the early stages of incubation has been recorded by several 
observers. Willier, Gallagher & Koch (1935) introduced oestrone or oestriol into 
the albumen of fowls’ eggs on the 2nd day of incubation, the doses varying from 
56 to 2,250 r.u. The chicks were examined on the 19th day. The mullerian ducts 
(oviducts) had persisted in the males and were much enlarged in both sexes. The 
wolffian apparatus showed no abnormality. Similar results have been obtained 
by Dantchakoff (1936) and Wolff (1936^). 

Forbes (1938) gave injections of oestrone to twenty- two alligators, 15 months 
old. Each received a total dose of 46,500 i.u. during a period of 80 days. Twenty- 
two untreated alligators were kept as controls. The treatment caused preservation 
of vestiges of the mullerian duct in the males. 



Chapter XII 1. The Action of Oestrogen on the Anterior Lobe of the 
Pituitary, and on the Gonads after their Differentiation 

Pituitan'. Ovar>'. Testis. 

The Pituitary 

The action of oestrogen on the gonadotrophic function and histologii’ of the 
pituitar}" have been dealt with (pp. 41^ 88). Here vve shall refer briefly to other 
effects. 

Enlargement of the pituitary: pituitary tumours, Evans & Simpson (1929^) 
noticed that in the female rat the pituitary is larger than in the male. In ninety- 
two male rats the av^erage weight of the pituitary was 8*8 mg., and in eighty-four 
females it was ii*6 mg. Hohlweg (1934) found that in the female rat repeated 
doses of oestrin cause enlargement of the anterior pituitary lobe with charac- 
teristic histological changes. Selye, Collip & Thomson (1935) noted that Sooy 
of oestrone given to lactating rats daily for 10 days caused enlargement of the 
pituitary to an average weight of 18*5 mg. Zondek (1936^) treated male rats by 
injecting large doses of oestrin, 5,000 or 10,000 m.u. being given twice a week. 
The effect of this treatment on the size of the pituitary^ is shown in Table 139, in 
which the action of oestrin in checking the general bodygrowlh is also seen. 
Zondek says that whereas the pituitary of the male rat is always enlarged after 
prolonged treatment with oestrin, that of the female treated in the same way is 
usually macroscopically unaltered, though in one instance a pituitary* tumour de- 
veloped in a female rat at the end of 7 months during which weekly doses of 
5,000 m.u. of oestrone had been given. The pituitary’ of the female rabbit also, 
Zondek says, fails to enlarge under the influence of oestrone. Other workers have 
found that the pituitary* becomes enlarged in both sexes under the influence of 
oestrogen. 


Table 139. The effect of large doses of oestrin on the weight of the 
rat’s pituitary (Zondek, i93b<i) 





Mean body- 

Mean weight ol 


Duration of 


weight after 

pituitary after 

Number of 

treatment 


treatment 

treatment 

rats 

(weeks) 

Treatment 



5 

168 

Olive oil 

141 -8 


5 

i6'8 

Oestrin in olive oil 

^2 

zfyois 


Noble (19386), Deanesly (1939) and others have observed an increase in the 
size of the pituitary* in rats and mice under the influence of oestrogen. Xoble 
found that.stilboestrol caused enlargement of the pituitary in male and female 
rats, the two sexes reacting alike in this respect. Brookshy ( 1938^ has recorded 
enlargement of the pituitary* in spayed rats under treatment with oestradiol. 
Kuzell & Cutting ( 1940) noted enlargement of the pituitary* in normal and spayed 
rats under treatment with oestrogen, the increase in size being accompanied by a 
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considerable increase of mitotic activity. Deanesty has noted that, like most of 
the eiFects of oestrogen in the adnlt individual, the enlargement of the pituitary is a 
reversible change, the organ returning to its normal size after cessation of treat- 
ment. Her experiments consisted of the subcutaneous implantation of tablets of 
oestrone (2-25 to 16 mg.) or oestradiol (ii-8 to 16-5 mg.), which were removed 
after varying periods. Cramer & Horning (1936) reported that of twelve mice 
treated by them for prolonged periods with oestrin, eleven had enlarged pitui- 
taries, eight of which were normal in shape while three were adenomatous. The 
writer has noticed that the mouse’spituitary under treatment with oestrogen may 
retain its natural shape even when much enlarged, though eventually it becomes 
deformed and nodular. Among his own oestrogen-treated mice he has seen a 
morulated pituitary tumour which occupied one-third of the total cranial space. 
When sufficiently advanced these pituitary tumours cause proptosis, slowness 
of movement, drooping of the head and other signs from which a diagnosis 
may sometimes be made before death. The tumours consist mainly of chromo- 
phobe cells, and have not in the writer’s experience shown any sign of 
malignancy. 

Lacassagne & Nyka (1937) drew attention to the fact that different strains of 
mice may show different pituitary reactions to equal doses of oestrogen. They 
used four different strains, namely Rm, 17 n.c., 30, and 39 and treated them with 
oestrone from birth onward. In the Rm mice so treated changes in the pituitary 
were seen in both males and females within 3 months; the capillaries were dilated, 
colloid secretion was more than normal, chromophiles were less conspicuous or 
were absent, chromophobes were increased in number, and the pituitary as a 
whole was enlarged. The pituitaries of the 17 n.c. mice reacted in much the same 
way as those of the Rm mice, though not quite so readily, so that after one year of 
treatment acidophile cells had not quite disappeared. The pituitary was much 
enlarged and contained adenomatous nodules of chromophobe cells. The pitui- 
taries of the strain 30 mice still appeared normal after 6 months of treatment; 
at the end of a year there was some general enlargement. In strain 39 there was 
no enlargement of the pituitary even at the end of one and a half years of con- 
tinued treatment. Gardner & Strong (1940) have confirmed the observation that 
the pituitaries of different strains of mice react differently to oestrogen. They say 
that among 700 oestrogen-treated mice of the following inbred strains. A, CgH, 
CBA, C12I, JK and N, no pituitary adenoma appeared; whereas among 106 mice 
of the C57 strain treated in the same way pituitary tumours developed in fifteen. 
Like Lacassagne & Nyka, Gardner & Strong failed to detect any correlation 
between the tendency to form pituitary tumours and a liability to mammary 
cancer, a finding which accords with the experimental results of Bonser Sc 
Robson (1940). These workers, also, have found that the response of the pituitary 
to oestrogen varies somewhat in different inbred strains. 

Nelson (1941 b) made the interesting observation that enlargement of the pitui- 
tary in rats under the influence of oestrogen does not progress steadily with time, 
but shows a pronounced acceleration after the treatment has continued during 
a considerable period. He gave 507 of diethylstilboestrol daily to twenty-eight 
normal male and female rats for 8 months or longer, and noticed that the enlarge- 
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ment of the pituitaty increased rapidly after the 8th month. His results are as 
given below: 

Period of treatment Average weight of pitiiitan’" 

(months) (mg.) 


8 

lo and II 
12 

13 and 14 


75 

150 

210 

325 


The increased size of the pituitaries was due to the presence of chroinophobic 
encapsuled adenomata. 

Although, as Zondek remarked, the pituitaiy'^ which has become enlarged under 
the influence of oestrin as a rule has a decreased gonadotrophic function, this 
perhaps may not be so always. The writer (Burrows, has examined a male 

mouse whose pituitary, after prolonged subjection to oestrone, was much en- 
larged, being 5x5 nam. in its two accessible diameters; it consisted mainly of 
chromophobes, though some of the cells were coloured faintly by haematoxylin 
and others by eosin. In this mouse features were present which suggest that the 
pituitary was still producing trophins in spite of the continued application of 
oestrone ; among these features were a thyroid adenoma, extensive manamaiy de- 
velopment with secretion, and testes of normal size showing spermatogenesis. 

There can be no doubt that the pituitary tumours occurring in oestrogen- 
treated mice are attributable to the oestrogen, for the spontaneous occurrence of 
such tumours in mice is a rarity. Slye, Holmes & Wells (1931) state that in 
ir,i88 mice only one instance was seen. This was a very' small infiltrating ade- 
noma of the pituitary^ Gardner, Strang & Smith ( 1936) have reported an example 
which is of particular interest. The mouse was an untreated breeder, (>95 days 
old. The pituitary was 4x3x3 mm. and the pars anterior consisted of chromo- 
phobe cells with a few scattered eosinophiles. Both ovaries were much enlarged, 
being 10 x 8 x 8 mm. and 10 x 6x7 mm. They contained no follicles or corpora 
lutea and consisted of tumour tissue resembling that of the so-called granulosa 
cell tumours of human ovaries. Cystic endometrial hyperplasia was present, and 
there were six mammary cancers. In this case it seems, as with similar ovarian 
tumours in man, there must have been an excessive output of oestrogen to which 
the other abnormalities, including the pituitan^ enlargement, may be attributed. 

Oberling, Guerin & Guerin (i93<)) have made some curious obsenations on the 
occurrence of pituitary tumours in rats. They castrated immature male rats and 
grafted them with ovaries from littermates. Among seven ot these which lived 
for more than a year after the operation pituitary' tumours were present in four. 
In one of these the ovarian graft had disappeared, in the other three the grafted 
ovaries were present and functionally active. In another series of ten rats a 
crystal of 3 : 4-henzpyTene was placed under the pia mater in contact with the 
brain. I'hree of these rats survived for more than 10 months and all of them had 
pituitary tumours. 

An instance which may perhaps exemplify enlargement of the pituitary in man 
under the influence of oestrogen has been recorded by Zondek (1940^1. The 
patient was a woman of 26 whose breasts had been removed tor cancer. IMeta- 
stases appeared, and on this account she was giv'en daily doses of o-(> g. oi 
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oesiraditt! ixiizoate during the 6o remaining days of her life. After death her 
uterus showed advanced cystic endometrial hyperplasia and herpituitarywveighed 
710 rng. as compared with the normal of 595 mg. (the average for nullipara of her 
age, but see p. 92) and microscopical examination revealed an adenoma or localized 
hyperpilasia of eosinophil cells. 

The action* of Oestrogen on the Gonads 

AFTER THEIR DIFFERENTIATION 

The Ovary 

A. The immature ovary. In the experiments on chicks and amphibian larvae 
'v^^’hich have been quoted in the previous chapter oestrogens as a rule appear to 
have had little effect on the embryonic ovary, though occasional instances were 
seen (Kozelka & Gallagher^ i93+) which the ov^ary was altered so as to 
resemble macroscopically a testicle. Such a result has not been observed in 
experiments on mammals, possibly because in these the administration of 
oestrogen has begun, through necessity, much later in the course of embryonic 
development. In mammals the influence of oestrogen on the ovary after birth 
depends to some extent on the age of the recipient (HohKveg, 1934.); when the 
hormone is given to immature animals the development of the ovary is retarded 
or arrested; the organ remains small and the follicles do not ripen. This result 
has been recorded by Golding & Ramirez (1928), Kunde, D’Amour, Gustavson 
& Carlson (1930), Doisy, Curtis & Collier (1931), Leonard, Meyer & Hisaw 
(1931), Katzman (1932), Pincus & Werthessen (1933), Bialet-Laprida (1933), 
Hohlweg (1934), and others. Katzman (1932), using rats, showed that the arrested 
development is not permanent; if the supply of oestrin is stopped the ovary soon 
becomes normal, oestrous cycles appear and pregnancy with normal littering can 
ensue. The following experiments indicate the kind of dose required to arrest the 
development of the ovary. Golding k Ramirez (1928) injected i r.u. of oestrin 
twice a day into rats 12 and 18 days old, the doses being gradually increased. 
Even with these relatively small doses the ov^aries w^ere slightly smaller than those 
of uninjected controls at the end of 22 days. Selye, Collip & Thomson (1935) 
gave daily injections of looy of oestrone daily to 21-day-old female rats, with the 
result that the ovaries remained in an atrophic state. 

It has been established that oestrogens inhibit the production of gonadotrophin 
by the pituitary^ and it seems that this is why oestrogens, when given to an im- 
mature animal, arrest the development of the ovaries and testes. 

B. The mature ovary, (a) Inactivity and atrophy. The most obvious effect 
of oestrogen on the adult ovary’’ is like that produced on the immature ovary as 
just described provided that the doses of oestrogen are large enough and that their 
administration is long enough continued. Noble (193 8 Z>) implanted crystals of 
diethylstilboestrol subcutaneously into adult rats, the amounts varying from 10 
to 1 00 mg. The atrophy of the ovaries after this treatment in some ways resembled 
that which follows hypopliysectomy. Assay of the pituitaries of these rats showed 
them to be deficient in gonadotrophin. Even with large doses of diethylstil- 
boestrol the ovaries. Noble says, responded by increased weight to a gonado- 
trophic extract of pregnancy urine. 
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The arrest of ovarian activity caused by oestrogen is not permanent ; the ovaries 
soon resume their normal appearance and function if the excessive supply of 
oestrogen is stopped. 

(6) Gonadotrophic action. In spite of the atrophic effect of oestrogens on the 
ovary which is so obvious when they are supplied persistently and in large enough 
amount, several observ’ers have noticed that oestrogens in certain circumstances 
exercise an eiFect comparable with that caused by gonadotrophin. As already 
mentioned androgens in suitable conditions exert a similar influence on the 
ovary and testicle (pp. 191, 198). 

Williams (1940) implanted tablets of stilboestrol into immature hypoph}*” 
sectomized rats weighing between 40 and 50 g,, with the result that ovarian 
atrophy was prevented or retarded and the response of the ovarian follicles to 
gonadotrophin from pregnant mare’s serum was greatly increased. The rats 
were killed and examined 1 5 days after the operation and implantation. The same 
doses of stilboestrol did not cause any increased weight of the ovaries in normal 
rats of the same age and weight. Pcncharz (1940) performed the same kind of 
experiment on rats with the same results. Hypophysectomy was done when the 
animals were between 21 and 23 day^ old and was followed at once in some 
instances, and 7 days later in others, by the implantation of tablets of diethyl- 
stilboestrol, oestradiol dipropionate, or testosterone propionate. To some of the 
rats chorionic gonadotrophin (‘Antuitrin S’) was given. Both of the oestrogens 
used caused enlargement of the ovaries, which contained numerous medium- 
sized, closely packed, follicles, with a reduction in volume of the interstitial tissue. 
The largest ovaries were found after the combined administration of oestrogen 
and gonadotrophin (Table 140). Testosterone propionate had no effect in pre- 
venting ovarian atrophy after hyp<^hysectomy (cf. p. 191 ). It is curious that the 
addition of * Antuitrin S ’ did not cause enlargement of the ovaries in the rats 
treated with testosterone. 

Table 140. The gonadotrophic action of oestrogen on the oxaries of 
the liypophysectomized immature rat (Pencharz, 1940) 


Treatment 

Daily dose 

Number of rats 

Average weight of 
ovaries (mg.) 

None 



7 

Diethyls ti 1 boest ri> 1 

130-1 70 y 

S 

2S 

Oestradiol dipropionate 

40-O 3 7 

5 

13 

Testosterone propionate 

2-8 r.u. 

3 

S 

‘ Antuitrin S ’ 


Q 

14 

Diethylstilboestrol ‘Antuitrin S’ 


8 

103 

Oestradiol dipropionate ‘Antuitrin S’ 
Testosterone propionate plus ‘Antuitrin S ’ 



21 

N 


The effect of oestrogen in stimulating the ovarian follicles of the immature 
hypophysectomized rat, and in augmenting the action of gonadutraphin under 
the same conditions, has been confirmed by Fluhmanii (11)411 and Simpson, 
Evans, Fraeakel-Conrat &: Li (1941). 

(r) Ovogenesis. New egg cells are produced in the ovarian cortex by mitosis 
in the germinal epithelium. Allen (1923) counted the cells i::i JcTi:; -inLi mitosis 
in the germinal epithelium at various stages of the oestrous cycle in mice. He 
found that mitoses were least numerous during dices tnis and suddenly became 
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abundant iinnied lately after ovulation. Allen concluded that ovogenesis is a 
cvclical phenomenon, each oestrum being associated with the production of new 
ova. His observations have been confirmed and extended (Bullough k Gibbs, 
1941 , Ikillough, 1942^, ft) and it seems proved that the development of new egg 
cells is dependent on oestrogen. 

(d) Multiplication of the granulosa cells. Bullough also noticed that mitoses 
occur most abundantly in the granulosa cells which lie nearest to the oocyte and 
the follicular fiuid so that a gradient of mitotic activity exists through the thick- 
ness of the wall of the follicle, being highest next to the follicular fluid and lowest 
in the theca externa. Furthermore, in the developing corpora lutea mitoses are 
commonest where, in the earliest stage of luteal development, the cells are still 
in close proximity to the remaining reservoir of follicular fluid. By inference, 
Bullough’s obsen^ations suggest that oestrogens are responsible, not only for the 
progressive development of the ova, but for the growth of the granulosa cells also. 

(e) Maturation of follicles. At all ages an excessive supply of oestrogen will 
prevent the maturation of follicles by checking the supply of gonadotrophin 
(FRH) from the pituitary. In consequence of this action no fresh corpora lutea 
will form, and if none are already present when the administration of oestrogen is 
begun the ovaries mil become diminuthe compared with those of untreated con- 
trols. Even if corpora lutea are present at first, when they eventually degenerate 
the ovary will become infantile in type and remain so as long as the treatment 
with oestrogen is continued (Bialet-Laprida, 1933). 

(/) Development and maintenance of corpora lutea; enlargement of the ovary. 
Oestrogens, while prev’-enting the output of FRH from the pituitary, enhance the 
output of LH ; consequently they will cause any corpora lutea already present to 
hypertrophy and to remain in an active condition. Because of this abnormal de- 
velopment of the corpora lutea the ovaries will be enlarged as compared with those 
of untreated control animals (Hohlweg, 1934). This enlargement of the ovaries 
caused by the maintenance of luteinization led to some confusion as to the in- 
fluence of oestrogens on the ovary in some of the earlier experimental work in 
which changes in ovarian weight alone were used as criteria of effect. 

The luteinizing action of oestrogen on the ovaiy^ is not induced until puberty 
has been nearly or quite attained, ripe or nearly ripe follicles being essential for 
the reaction. Bachman (1936) gave single subcutaneous injections of 2,oooy of 
oestrin to rats which were 24 days old, without producing any evidence of ovarian 
luteinization. Merckel & Nelson (1940) noticed that the luteinizing effect of 
oestrin on the adult rat’s ovaiy^ depended upon what stage of the oestral cycle had 
been reached at the time of the administration. They gave 40 r.u. daily to mature 
rats, beginning during oestrus. The result was a prolonged period of dioestrus 
lasting about 3 weeks, during which the corpora lutea were enlarged and ap- 
parently functioning as shown by mucification of the vaginal epithelium ; whereas 
in an untreated rat the very short period of dioestrus is not accompanied by this 
vaginal response. Different results were obtained if the same doses of oestrin. 
were given during dioestrus; the corpora lutea in these circumstances were 
neither enlarged nor maintained, and a continued vaginal cornifleation was in- 
duced. This occurred whether normal rats were used or rats which had been 
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spayed or had im,dergone hypophysectoniy. Wolfe (1435 ft) fd'^^erved that, in a 
number of rats which had received 200 r.u. of oestradiol benzoate for about iz 
days, the ovaries contained corpora lutea which were iiiiich larger than norniaU 
being similar to those of the second half of pregnancy. 

Several facts suggest that oestrogens co'operate with FRH to enhance the out- 
put of LH. Selye, Collip & Thomson (1935) found that if rats were civen pitui- 
tary extract alone the heaviest ovaries obtained weighed 64 mg., whereas w hen 
oestrin in daily doses of looy was administered in conjunction with the same 
pituitary extract the ovaries weighed 165 ing., the increase being due entirely to 
the enhanced size of the corpora lutea. Other experiments bearing on the in- 
fluence of oestrogen inmaintainingthecorporalutea will bementioned later (p.40 1 ). 

(g) Ovarian tumours and cysts. Champy (1937) states that in maiiinials an 
overgrowth of the ovarian reteis invariably induced by persistent dosesof oestrone, 
and that small adenomata are apt to appear in this region. Nearly always, he says, 
with a prolonged period of oestrin injections invaginations of the germinal epi- 
thelium occur and cause the formation of mucoid cysts within the ovary. These 
cysts, according to Champy, follow two kinds of development: (i) they may 
remain as cysts lined by a mucous epithelium or (2) complicated papillomata may 
develop in their walls. Androgens, he says, produce similar abnormalities. 

When considering the various effects of oestrogen on the ovary just mentioned it 
is to be remembered that the result is mainly indirect, being the consequence of 
oestrogen acting on the pituitary so as to alter the supply of gonadotrophin. In 
addition to these indirect actions, it seems that oestrogen may affect the ovary 
directly, Robson (1937 A) induced pseudopregnancy in rabbits by injecting 
gonadotrophin intravenously. Later he ascertained the presence of corpora lutea 
by direct inspection. He then removed the pituitaries and thereafter gave daily 
doses of 1 07 of oestrone or 57 of oestradiol. As a result of these injections and in 
spite of the absence of the pituitary the corpora lutea w'ere maintained in an 
active condition. Merckel k Nelson (1940), as mentioned abov^e, found that the 
corpora lutea in the rat’s ovary could he maintained by oestrogen after hypophy- 
sectoiny. 

The Testis 

The Action of Oestrogen on the Immature and Mature Testis 

(«) Atrophy. The main pathological effect of oestrogen on the differentiated 
male gonad is atrophy. Given to the infantile animal, oestrogens prevent matura- 
tion of the testes, which remain small and fail to descend into the scrotum; given 
to adults they cause arrest of function and diminution in size of the testicles. 
Both the atrophy and non-descent arc probably the results of an inadequate 
supply of gonadotrophin from the pituitaxyu Laqueur, Hart Sede Jonch i i j gave 
daily injections of oestrin to rats, beginning the treatment when they were 3 weeks 
old. As a result their testes remained atrophic and spermatogenesis was absent. 

Golding & Ramirez (1928) injected i r.u. of oestrin twice daily into young rats 
12 or 18 days old, gradually increasing the dosage as the experiment proceeded 
and continuing the injections for 22 or 36 day's altogether. At the end of these 
periods the testes were still infantile and had not descended from the ahdoiiieii . 
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Control rats of the same age had normal testes lying in the scrotum. N o perma- 
nent damage was done to the atrophic testes, for they developed normally and 
descended into the scrotum within 15 days after the injections of oestrin had 
ceased. Wade & Doisy (193 1) performed a similar experiment, giving daily doses 
of or 20 r.u. of oestrin daily to immature rats, 21-30 days old. Littermate 
controls were kept. At the end of 19 days the rats were killed. The effect of the 
treatment on the weight of the testes is given in Table 141. 


Table 141. The effect of oestrin on the development of the testes in 
immature rats (Wade & Doisy, 1931) 


Category 

Controls 

Oestrin 

treated 

Controls 

Oestrin 

treated 


Number of 
rats 

5 

8 


Daily dose 
of oestrin 
(r.u.) 
o 
5 


Average gain Weight of testes expressed as per- 
of bodyAveight centage of the body weight taking 
(g.) the normal relationship as i 

77 I -oo 

69 0-87 


o 84 I -oo 

20 72 0*53 


Spencer, Gustavson & D’ Amour (1931) performed a similar experiment on rats 
with the same result, the testes of the oestriu-treated rats at the end of the experi- 
ment weighing only 29 per cent of the weight of those of control rats which had 
been given injections of oil alone. 

Halpem & D’Amour (1934) treated twenty normal adult male rats with daily 
doses of oestrin, as follows: 

Group r were given 5 r.u. for 3 weeks and 20 r.u. for i week. 

Group 2 were given 5 r.u. for 3 w^eeks and 20 r.u. for 4 weeks. 

The rats were then killed and their testes weighed; those of Group r equalled 
65 per cent and those of Group 2 equalled 23 per cent of the weight of testes from 
untreated control rats. In Group 2 there were neither spermatozoa nor sper- 
matids and but few primary spermatocytes : but mitosis was present in abundance 
in the spermatogonia. The interstitial tissue was considerably reduced. 

In mice as in rats oestrogens cause a reduction in the size of the testes, an 
interference with spermatogenesis, and in some instances a return of the testes 
into the abdomen. In pigeons, also, oestrogen has been found to cause atrophy 
of the gonads (Riddle Sc Tange, 1928). 

(b) Hyperplasia and neoplasia of the interstitial glandular tissue of the testicle. 
After prolonged dosage of mice with oestrogen, another kind of change than 
atrophy may be seen in the testicles, affecting the interstitial glandular tissue 
(Burrows, 193 5 A, 1936^?, 1937^). It consists of a multiplication and swelling of 
the Leydig cells, which become loaded with lipoid material. In some instances 
the lipoid-laden cells coalesce in a manner which resembles that described as 
occurring in the adrenals under treatment with oestrin. Gradually the Leydig 
cells increase in number and size so as to form a broad framework surrounding 
and separating the seminal tubules, the epithelium of which begins to disappear. 
As a rule the whole of the testis is not equally affected in this way, nor is the 
change established at the same time or in equal degree in the two testes. In an 
advanced case a large part of the organ may consist of lipoid-laden interstitial 
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tissue alone, while in other parts tubtiles may still be visible. In some places 
these may be represented merely by cylindrical spaces devoid of epithelium, in 
others, usually at the periphery of the testis, spermatogenesis may be in progress. 
Between spermatogenesis and complete disappearance of seminal cpithdium all 
degrees of atrophy may be seen , perhaps in the same specimen. The testes affected 
in this way become enlarged, rounded and yellow in colour, and give the im- 
pression of tumour-formation, though an extended experimental test w ith various 
oestrogens carried out by the writer on mixed, non-pedigree mice did not result 
in the growth of a single testicular tumour with malignant characters (cL p. 286). 

Hyperplasia of the interstitial tissue of the testis brought about in this way may 
be associated with an absence of the usual atrophic effects of oestrogen on the 
accessory genital organs (Burrows, 1937^). This, the writer believes, is due to an 
increased production of androgen by the hyperplastic Leydig cells. If this 
explanation is correct it seems to represent an addition to the knowm defensive 
mechanisms of the body, namely the neutralization of one hormone which is in 
excessive supply through an increased production of an opp<Bmg hormone by 
tissue newly grown for that s(>ecial purpose. Gardner (1937) has confirmed the 
occurrence of hyperplasia of the Leydig tissue under the influence of o^trogen 
and states that the changes described are more easily brought about in mice of 
some strains than in others. In his experiments large doses of ocstrone benzoate 
(500 i.u.) or equilin benzoate (o*i mg.) were given once a week to mice of the 
following strains: Strong A, C3H, CBA, N, F. Only in the Strong A mice were 
hypertrophic changes seen in the interstitial glandular cells of the testis. Bonser 
& Robson (194-0) also have found that mice of the Strong A strain are especially 
liable to this condition when treated with oestrogen. They gave 3 mg. of tri- 
phenylethylene subcutaneously once a week to mice of three inbred strains, Rm, 
CBxA and Strong A. After 49 weeks of such treatment hyperplasia of the Leydig 
tissue was present in the Strong A mice but not in those of the other two strains 
except to a slight degree in some of the CBA mice. Atrophy of the testes with 
arrest of spermatogenesis ensued rapidly in mice of the Rm and CBA strains, 
whereas in the Strong A mice the testes were not reduced in size, the interstitial 
glandular tissue was hyperplastic and though some atrophy of the seminal tubules 
was present, it varied in degree, and in several of the testes which were affected in 
this way spermatogenesis was taking place in some of the tubules. Occasionally 
the changes suggested the presence of malignant neoplasia and in one instance 
it was thought that metastasis had occurred. Autografts and grafts into young 
mice of the same strain failed to become established. Bonser & Robson noted 
that hyperplasia of the Leydig tissue in the Strong A mice was accompanied by 
an absence of squamous metaplasia and keratinization in the accessory genital 
organs, and they agree with the writer that this probably is due to an increased 
supply of androgen. They suggest further that this may be the explanation »jf the 
maintenance of spermatogenesis in some of their Strong A mice in spite ot con- 
tinued treatment with oestrogen. In a later paper Bonser f 11)42 1 has reported that 
bilateral interstitial-cell tumours developed in the testicles of e\ ery one of eight 
Strong A mice which had received 3 mg, ot triphenylethylene subcutaneiiusiy 
each week and had survived for 50 weeks. Hooker, Gardner S: Pteirfer (19401 
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Iku e described a malignant testicular tumour with metastases occurring in a 
mouse of the Strong A strain which had been given weeMy doses of 0*05 nig. of 
oestradiol benzoate. The condition of the accessor}^ generative organs in this 
animal showed that androgen had been formed in effective quantity. 

In a later paper Hooker and Pfeiffer (1942) have reported the artificial induc- 
tion of many testicular tumours by oestradiol and stilboestrol giv^en once a week 
for 8 months or longer to mice of the Strong A strain. Their results are as follows: 

No. of mice No. with No. showing evidence 

Oestrogen surviving 8 testicular No. with of increased androgen 

given months tumours metastases production 

Oestradiol 24. 10 7 10 

Stilboestrol 32 29 22 25 

Shimkin, Grady & Andervont (1941) have recorded several instances in mice 
of hyperplasia of Leydig tissue under the influence of stilboestrol. From their 
illustrations and description the change appears to have been identical with that 
previously described by the author. Some of the swellings, they say, represented 
tumours, although mitoses were not conspicuous. In three cases there were 
metastases which were limited to the region of the adrenal except in one in which 
small tumour emboli were found in the lungs. 

Hyperplasia of Leydig tissue, as described above, seemed to the author to have 
been caused by equilin more readily than by the other oestrogens w^hich he had 
been using at that time. Attempts were made therefore to cause testicular 
tumours in rabbits by injecting equilin directly into the testes. The experiment 
was begun in November 1934; four rabbits were used, their testes (usually, but 
not invariably, the right) being injected once a week with 0-5 mg. of equilin dis- 
solved in sesame oil, thirty-four injections being given to each animal. One of 
the rabbits died within a month and another at the end of years. Of the sur- 
vivors, one was killed 7 years after the first injection of equilin because of a 
tumour of the left testis. Metastases were present in the left orbit and left infra- 
spinatus muscle. No remains of testicular substance could be identified in the 
priman' tumour mass ; the right testis showed no abnormal changes, other than 
those attributable to age, and some spermatogenesis was still in progress. The 
tumour was a seminoma, and neither it nor the metastases showed any structure 
comparable with the hyperplasia of the interstitial tissue as described above. It 
would be unsafe to attribute the neoplasia in this one instance to the action of 
equilin, though possibly this was the main agent. The fourth rabbit of this ex- 
periment died in the 8th year without any tumour in the testes or elsewhere. 

The histological changes induced in the testes by an excess of oestrogen may 
be to some extent caused by retention of the gonads within the abdomen ; such an 
explanation cannot be applied to hyperplasia of the Leydig cells as just described 
because in the most pronounced examples in which oestrogens induced this con- 
dition in mice the enlarged testes occupied the scrotum. Fell (1922) observed 
comparable testicular changes in a pig, including lipoid degeneration, coales- 
cence of the lipoid-laden interstitial cells and almost complete atrophy of the 
seminal epithelium, which was represented by a single layer of atrophic cells. The 
animal was a pseudo-hermaphrodite with testes in the scrotum. The penis re- 
sembled a clitoris and both vagina and uterus were present. No trace of ovarian 



OVARY AND TESTIS 287 

tissue was found. The same sort of hyperplasia of the interstitial glandiilar cells 
has been noticed in crypto rchid testes in several species. 

It seems possible that the abnormal frequency of tiiniours in retained testes 
may be connected with a local hormonal disturbance. We know'' that the if 
transplanted into the ear or elsewhere in the body where the temperature is less 
than that of the abdomen will produce an excess of androgen. Perhaps, though 
it remains to be proved, an abdominal testis will produce an excess oi oestrogen ; 
certainly it forms too little androgen. Exacts rather strongly suggest that neoplasia 
in an undescended testis may depend on an excess of oestrogen, or a deficiency of 
androgen, and among these facts is the close similarity between the histological 
changes induced in the testes by artificially administered oestrogen and those 
w’^hich are commonly seen in testes which have been retained within the abdomen. 

Greulich and Burford (1936) reported three examples of tumours growing in 
the cryptorchid testes of dogs. In every case there were changes in the mammae 
and prostate like those experimentally caused by oestrin, and two of the dogs were 
sexually attractive to male dogs. 

Hamilton & Gilbert (1942), basing their report on 1,466 consecutive human 
cases of testicular tumour, say that the incidence of cancer in testes retained in 
the abdomen is 50 times that among testes which have been ariested in the groin. 
Another feature which suggests that testicular cancer may be caused by hormonal 
action is the frequency with which the disease affects both testes. Hamilton & 
Gilbert state that in man, if a malignant tumour appears in one testicle the prob- 
ability that cancer will develop in the other testicle is 100 or 1,000 times greater 
than a chance incidence. 

(c) Nm-descent of testes. Lacassagne (19346) gave oestrone benzoate dis- 
solved in oil to a rabbit from the day of its birth. The doses were gradually 
increased from 1,000 i.u., reaching 10,000 i.u. at the end of the 2nd month. 
The rabbit was killed at the age of 7I months. At this time the testes were 
undescended and were only 4 mm. in diameter. 

Burrows (1936 a,c) examined the activities of sev'eral oestrogens by applying 
them — dissolved in benzene, chloroform or alcohol — twice a w’eek to the skin of 
mice in the interscapular region. The compounds used in this way included 
oestrone, oestrone methyl ether, oestradioU oestriol, eqiiilin, equilenin, the 
synthetic compound 9 : lo-dihydroxv'-q : i o-di-w-propybq : lo-dihydro- 1 : 2 : 5 : 6- 
dibenzanthracene (Cook, Dodds, Hewett Lawson, 1934K and a similar com- 
pound with butyl substituted for propyl. Every one of these compounds when 
given to young mice arrested the development of the testes and prevented their 
descent into the scrotum. Raynaud ( 1939 rf, b) gave oestradiol to pregnant mice 
with the result that the testes in the male offspring did not descend, remaining in 
some instances close to the kidneyx Raymaud obtained similar results with stil- 
boestrol given to pregnant mice on the 13th or 14th day’ ot pregnancy, and the 
writer has found that triphenydethydene will cause retention of the testes in young 
mice. In rats, also, oestrogens cause retention ot the testes in the abdomen or 
inguinal canals. 

When these results are considered it will be noted that non-descent of the 
testes is accompanied by their backward development. W e know that mere reten- 
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tion of the testes in the abdomen in most mammals will prevent spermatogenesis 
and cause the testes to be undersized. It might be suggested perhaps that oestriix 
prevents descent of the testes and that the atrophic condition is merely secondary 
to the retention. Against this explanation is the fact that oestrogens will cause 
atrophy of the testes even though they have already descended. 

Atrophic testes do not descend into the scrotum, and oestrogens stop the 
pituitary from producing the gonadotrophin on which the testes depend for their 
full development. These two facts appear to explain why oestrogens prevent 
descent of the testes (Aloore, 1930, 1932), even though the mechanisms of testi- 
cular descent still remain ill-defined or unknown. The writer has observed that 
a diet deficient in vitamin-E which causes destruction of the seminal epithelium 
will also prevent descent of the testes, although in this case, as already mentioned, 
'castration'' changes are found in the pituitary associated with an increased output 
of gonadotrophin (p. 68). It can be argued that the gonadotrophin in this case is 
not of the right quality to cause testicular descent. Speculation on such a matter 
is dangerous, and for a full knowledge of why the testes descend we must await 
the results of further investigation. The matter has been discussed earlier in 
connection with the influence of androgen on testicular descent (pp. 184, 202). 



Chapter XIV. The Action of Oestrogen on the Ainssory (Jenital 
Organs after their Differentiation, icith a sptrial 
reference to inguinal hernia 

External Genitalia 

Penis. Clitoris. Scrotum and Perineum. 

(i) Before complete development. When considering this subject the period of 
our inquiiy is not limited hj the date of birth, for at this time the external gene- 
rative organs in many species have not attained their permanent form. This is 
notably the case with mice, rats and rabbits ; these animals are bom in a very 
immature state. 

Hypospadias, Oestrone when giv^n to the mother shortly before parturition, 
or to the young soon after birth, may restrict in the male the growth of the 
scrotum and penis, so that these stnictunes resemble thc^ of the female in 
character (Lacassagne, 1934 i). In the female kypospaSas is readily produced. 
This result has been recorded by Ham (1935^), Wicsner (1935), Greene & Ivy 
(1937) and Turner & Burkhardt (1939). It should be explained that normal 
female rats and mice possess a penis somewhat like that of the male, the urethra 
in both sexes terminating at the free extremity of the organ. In the condition 
produced by oestrogens in female rats and mice, and here described as hypo- 
spadias, there is a median v^entral cleft in the penis so that the urethra opens close 
to the vagina, and the external genitalia conform to the pattern of those organs 
in the female of the human and many other species. Hain (1935 u) injected i mg. 
of oestrone into pregnant rats betw^een the 17th and 20th days of gestation. All 
the female* young which survived this treatment had ventral clefts of the urethra. 
A similar condition could he caused shortly after birth by giving wstrone to the 
lactating mother, the oestrogen being C(;*uveyed to the young in the milk. This 
result occurred after the administration of 2 mg, of oestrone to the mother during 
the first 4. days after parturition, or after 2 mg. were given as a single dose on the 
3rd postnatal day, or after 3 mg. given during the first 2 days. Hain (i 936) found 
that the same condition could he produced by injecting oestrone directly into 
the newborn young. Greene & Ivy (1957) obtained similar results in rats by 
injecting 2 or 3 mg. of oestradiol into the mother before parturition or 0-2 to 
0*4 mg. into the newborn females. 

The writer also has caused hypospadias in female rats and mice by the injection 
of oestrogen into the mother before parturition or into the young after binli. and 
has seen the same condition following injections of testosterone or progesterone 
(Burrows, 1939^). Hypospadias may occur spontaneously in female mice, and in 
them minor degrees of it are common. The writer has seen sewTal examples 
among a stock of breeding mice of Murray's dbu strain. The pennanent hypo- 
spadias induced in mice hv the artificial supply in early' life of gonadal hormones 
in excess is not necessarily a bar to subsequent fertility. I’he writer has obserwd 
mice with hypospadias and cuhers with a male-like penis possessing a tree glans 
and a well-developed os penis, which have had repeated litters. I’he abnormalities 
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in these instances liad been oused by testosterone given to the mother before 
littering or to the newborn \’oung. In one mouse persistent infertility was associ- 
ated with spontaneously occurring hypospadias, this being the only abnormality 

detected . 

Greene, Burril! & Ivy (1940) have explained the manner in which hypospadias 
occurs. They say that the caudal surface of the penis in the untreated newborn 
female rat is occupied by a median groove, the urinaiy^ meatus at this period being 
at the level of the perineum. Normally in early postnatal life this median groove, 
they say, becomes roofed in by fusion of the two lateral ridges between which it 
lies. By this fusion the groove is converted into a canal so that the urethra now 
opens at the tip of the penis instead of at the base. The effect of oestrogens is to 
prevent fusion of the lips of the groove — possibly by causing a premature dif- 
ferentiation of epithelium — so that hypospadias results. 

The hypospadiac cleft may extend beyond the level of the perineum so that the 
urethra opens into the vagina. In a rat given 2oy of oestrone daily on the first 
few days after birth by the writer such a condition was present when the rat died 
a year and a half later. The vagina w^as patent and appeared normal; the urethra 
opened into the ventral wall of the vagina 3 mm. from its opening in the perineum. 

The male rat at birth already has a completed penile urethra, but by giving high 
doses of oestrogen to the mother at an early enough stage of pregnancy, Greene, 
Burrill & Iv^ have caused hypospadias in male rats. 

Defective development of the perineal portion of the vagina. Another defect 
produced in female rats by giving large doses of oestrogen to the pregnant mother 
is atresia of the vagina. Greene, Burrill & (1940) attribute this deformity to 

a failure in the division of the urogenital sinus into urethra and vagina. The 
septum which divides the urogenital sinus into these two parallel channels de- 
velops, they say, from above downward. Oestrogens prevent this process from 
being completed, so that the lower ends of the vagina and urethra form a single 
channel representing the original urogenital sinus. 

Hypertrophy of the labia rnajora and minora. When given in early stages of 
postnatal existence the chief effects of oestrogen on the external genitalia of the 
young female is hypertrophy of the labia majora and minora. This result has been 
noted in the human child (Lewis, 1933). 

Apart from these changes oestrogens appear to have little influence on the de- 
velopment of the external genitalia in the female (Wiesner, 1935). 

(ii) External genitalia after puberty. Apart from hypertrophy and oedema, 
which will be discussed elsewhere, the changes produced in the external genital 
organs of the zdult female are not as a rule obvious. Hypertrophy of the vulva 
appears to be a direct action of oestrogens. Hill & Parkes (1933) report its occur- 
rence under the influence of oestriol in ferrets which have been hypophysecto- 
mized or have had their ovaries removed. 

The coloration of the sexual skin in some animals at oestrus may be mentioned 
as a curiosity; it is comparable perhaps with other manifold marital adornments 
to be seen throughout the animal world. Another change is an increased corni- 
ii cation and thickening of the skin extending for a variable distance around the 
vaginal orifice. This effect has been utilized in the treatment of senile vmlvo- 
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vaginitis in women, a condition in which much local irritation results from a 
deficient cornification of the skin. 

In the external genital organs of the immature or adult male pronounced and 
measurable effects are induced by oestrogens. 

(a) Atrophy of the musmkiture of the penis. This is an early and constant 
reaction, and is easily observed. The bulhocavernosus and erecttir fxmis muscles, 
wWch in the normal rat or mc)use form a red, firm, rounded mass giving substance 
to the perineum, rapidly become much attenuated, dabby and pale under con- 
tinned treatment with an oestrogen. 

(b) Squamous epithelial metaplasia in the urethra and urethral t^land$. The 
earliest sites of epithelial metaplasia induced by* oestrogen in the penis are (i ) the 
neighbourhood of the verumontanum and (2) the ducts of the urethra! glands. 
From the latter the metaplasia proceeds in both directions, that is to say . tt>ward 
the lumen of the urethra and toward the acini of the glands. Eventually the 
glandular epithelium becomes entirely squamous and comified and the whole 
penile urethra from verumontanum to meatus becomes lined by a comified 
squamous epithelium which may become the site of leuc<xytic injfiltration with 
shedding of the homy epithelium. The part of the urethra which intervenes be- 
tween the bladder and the verumontanum remains free from this cellular meta- 
morphosis; so also does the urethra of the female. These changes have been 
defined in the mouse by the writer (Burrows, 1 935 r). Changes which are similar 
in character and distribution occur in the urethra of other species under the 
influence of oestrogen and have been observed in monkeys and apes (Courrier & 
Gros, 1934; Van Wagenen, 1935a)- 

(c) Paraphimosis and balanitis. Another abnormality which arises occasionally 

in mice or rats under continued treatment with oestrogen is paraphimosis with 
balanitis. This has been recorded by Lacassagne (1934(1) rabbit and by 

Harsh, Overholser Sc Wells (1939) in mice under treatment with oestrin and has 
been seen by the writer in both rats and mice in the same circumstances. Eventu- 
ally the exposed glans penis becomes ulcerated and scabbed, and death may result 
from obstruction to the outflow of urine. Gangrene of the glans has not l>€en 
recorded in this condition in rodents, so far as the writer is aware. 

Inguinal Hernia 

A curious though inconstant result of giving oestrogens to the male mouse is the 
development of scrotal hernia. This was first described by’ the author | Burrows, 

1 9346, 193b a, e) and has since been amply confirmed. Unless perhaps as a rarity 
the lesion does not arise in mice except under the influence of oestrogen. The 
author examined over 4,000 mice, some of which had received no treatment, 
whilst others had been grafted with tumours or subjected to various tests in con- 
nection with the production of cancer; none of them had received applications 
of any oestrogen. In the whole of this series no instance was found in which 
abdominal viscera were present in the scrotum. 

On the other hand ever}' oestrogen tested by the author has been shouit 
capable of causing hernias in mice. In this list are oestrone, oestradiol, oestriol, 
oestrone methyl ether, equilin, equilenin, 9: 10: dihydroxy-9 ; io-di-/i-propyl- 
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9:io-dihydro-i :2:5:5-dibenzanthracene, a similar compound with butyl sub- 
stituted for propyl, diethylstilboestrol and triphenylethylene. No bemiahas been 
induced by androgen or progestin. 

Gardner (1935^) has recorded the occurrence of scrotal hernia in tvto among 
fifty-seven mice which had ovarian implants in their testes but otherwise had 
been untreated. 

The influence of the tesiis on hernia formation. Among groups of mice sub- 
mitted equally to the same oestrogen it was noticed that some got hernias and 
others did not. Hernia occurred most readily in those mice whose testes were fully 
developed and lying well down in the scrotum when the applications of oestrone 
were begun. Most of the experiments were carried out on young mice freshly 
arrived from the dealer, and said to be between 5 and 6 weeks old. Among 1,410 
of these mice examined before treatment, the testes were un descended in 427. When 
such mice with undescended testes are submitted to regular biweekly applications 
of oestrone, some of the testes come down into the scrotum, but many remain 
undescended so long as the treatment with oestrone is maintained, and as long 
as the testes remain in the abdomen, no hernia occurs. Two facts seem to have 
emerged: (i) the presence of a more or less mature testis is necessary for the 
formation of scrotal hernia under the influence of oestrone; (ii) oestrone may pre- 
vent maturity and descent of the testis, in which event no hernia will develop. 
It should be added that hernia does not invariably follow the administration of 
oestrogens even w^hen the testes have descended into the scrotum. 

Bonser & Robson (1940) have shown that mice of dilferent inbred strains are 
not equally susceptible to the hernia-producing effects of oestrogen. They treated 
mice of the Rm, Strong A and CBA strains with weekly injections of 3 mg. of 
triphenylethylene. Scrotal hernias developed in 23 of 30 Rm mice so treated, in 
1 1 of 23 Strong A mice, but no scrotal hernias appeared among the CBA mice. 

The effects of artificial cryptorchidism. To study further the connection be- 
tween hernia and descent of the testis 38 mice whose testes were fully descended 
were rendered ciy^ptorchid by dividing the gubemaculum on each side and dis- 
placing the testes into the abdomen (Burrows, 1936c), In 18 of the mice the 
operation was performed by means of a laparotomy wound so as to avoid injury 
to the scrotum, and in 20 the exposure was made through the scrotum. Of the 
38 mice treated in this way, 28 were given biweekly applications of oestrone to 
the skin (i drop of a o*i per cent solution in benzene), and 10 were kept as con- 
trols. Hernias subsequently occurred in 15 of the mice treated with oestrone, and 
no hernia occurred among the controls (Table 142). 

Table 142. The effects of artificial cryptorchidism combined with applica- 
tions of oestrone on the development of hernia (Burrows, 1936 r) 


Number of mice 

Site of operation 

Subsequent treatment 

Mice wit] 

18 

Abdomea 

Oestrone 

9 

10 

Scrotum 

Oestrone 

6 

10 

Scrotum 

None 

0 


Sixty -eight days after the operation on these mice there were 34 survivors, of 
which 25 had been treated meanwhile with oestrone, and 9 had not been given 



ACCESSORY GENITAL ORGANS 293 

oestroiie. Among those , treated with oestrone descent uf the rich! testis had 
occurred in 19 and descent of the left in 18. Among the 9 wiiicfi had received no 
oestrone the right testis had descended in S and t he left in b. In most and perhaps 
in all the instances in which retention occurred it was attnlniialde to tixation of 
the testis in the abdomen by post-operative adhesions. 

In some of the mice in this experiment a bilateral hernia was found, although 
one of the testes had been retained in the ahd«;»men liy post-opt*rative adhesions. 
In one instance the left testis had failed to descend because of adhesions, and the 
right testis had descended into the left scrotum. In. another mouse both testes 
had come down into the left scrotal pouch. In these mice bilateral hernias were 
present. It seems that a gubernaculum is not essential for the descent of the 
testis, though it is indispensable as a guide to a correct disposal of the testis in the 
scrotum. Further, although a well-developed testis is necessary' for the produc- 
tion of a scrotal hernia by oestrone, that testis need not be in the scrotum while 
the hernia is forming. 

The effect cf unilateral cusiraiion. To obtain additional light on the subject 
the right testis was excised from 10 mice, and applications of oestrone W’ere 
thereafter made to them and to 10 intact controls. Bilateral hernias ap|>carcd 
in 4 survivors with a single testis and in 6 among the 10 intact mice (Table 143). 
In each series no hernia occurred in the mouse with undescended testes. 


Table 143 , Bilateral hernias induced by oestrone in mice 
having one testis only (Burrows, 1936c) 


Number 
of mice 
10 
10 


Preliminary Suniving after Number with 

treatment 65 d.iys retained testis 

Unilateral castration 5 i 

None 10 I 

(both testes retained ) 


Mice with 
bilateral hernias 

4 

6 


The effect of bilateral castration. The testes were removed from thirty mice, 
which were thereafter treated with applications of oestrone till their death. In 
none of these mice did any hernia appear. 

The effect of vitamin deficiency. The healthy development of seminal epi- 
thelium is dependent upon adequate supplies of vitamins in the diet. Yitamin-E 
is of particular importance, a deficiency leading rapidly to degeneration of the 
seminal epithelium. Thirty mice were fed on an ordinary diet, another twenty 
were given a diet deficient in vitanxin-E but otherwise adequate, and ten were 
kept on white bread only. All were given the same biweekly doses of oestrone 
by cutaneous application (o-oi per cent in benzene). While the experiment was 
in progress an epidemic of ectromelia occurred, and the murine mortality, 
especially among those on a vitamin-deficient diet, was high. The incidence of 
scrotal hernia among the three groups of mice is shown in 'Fable 144. 

Table 144. The effect of vitamin-E deficiency on the induction of 
hernias in mice by oestrone (Burrows, iqjun 


N umber of mice 

30 

20 

10 


Diet 


Sun i\ iii.i: iViT 

6 weeks Mice with htmia 


Normal i c 

Vitiiriiin-li deticient o 

White bread onI\ o 
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The ejfects of long-continued applications of oestrone. In some cases the hernias 
have progressively increased so as to reach very'^ large dimensions, and there have 
been instances in which almost all the abdominal contents except parts of the 
liver and stomach have become transferred to the scrotum. In examples of this 
kind the entire spleen is sometimes found in the right scrotal pouch and some- 
times in the left. Even large hernias have diminished in size on cessation of the 
dosage with oestrone, though they have not disappeared. Small hernias which 
have not long existed may become cured spontaneously if no more oestrone is 
given. 

The author has not seen hernia formation as the result of oestrogenic treatment 
in rats or other animals than mice, nor is he aware of any records in the literature 
of such an occurrence- 



Chapter XY. The Action of Oestro^tn on the 
Accessor V Genital Organs (continued) 

Coagulating gland. Seminal vesicle. Prostate. U teru.s maseulirius. V.i> JfirrensandFpidiJ^n’.is. 
Ampullary glands. Cowper’s glands. Preputial glands. 

A. Stimulating effects. A small supply of oestrogen appears to l>e fat iturable 
if not essential for the well-being of the male accessory reproductiw organs. 'I'he 
quantity required depends on the amount of androgen available at the same time. 
When both androgen and oestrogen are present in correct proportions they co- 
operate to produce healthy conditions; if androgen is lacking or oestrtjgen is in 
excess pathological changes will ensue. Co-operation between the ditferent 
gonadal hormones has been discussed in detail earlier (p. 115) and all that need be 
added here is a reference to the good effects exerted by small quantities of oestro- 
gen on the accessory reproductive organs of the castrated male even when no 
androgen is administered. Oestrogen in these circumstances, given in small 
amount soon after castration, will check to some extent post-castration atrophy 
of the accessory reproductive glands, or, if sufficient time has elapsed for them 
to have become atrophied, oestrogen will to a slight degree restore the epithelium 
and to a greater degree the stroma, and so will increase the volume of the 
atrophied structures; this beneficial action, however, will not enable the epi- 
thelium to resume secretion. 

David, Freud & de Jongh (1934) castrated rats when they were between 20 and 
30 days old. Injections of oestrogen were started 3 days later, ten injections being 
given in the course of 5 days. The restorative effects of this treatment on the 
weights of the accessory genital glands are shown in Table 145. 

Table 145. The effect of oestrogens on the weight of accessory reproductive 
organs in, the immature castrated rat (Davnd, Freud & de Jongh, 1934) 

Wt'ight of org^ans expressed as mg. 
per 100 g. body weight 



Daily 

^ — * — 


— — ^ 


dose 

Prostate and coagulating 

Seminal 

Preputial 

Oestrogen 

y 

glands 

vesicles 

glands 

None 

0 

22 in one series 

14 

34 



17 in another series 

34 

Oestrone 

2 

44 

25 

50 


10 

39 

27 

48 

Oestriol 

2 

28 

18 

22 


10 

48 



Oestradiol 

2 

25 

4 b 

35 


b 

74 

+5 

45 


B. Restrietk'e effeds. Although the It^sions caused in ill the accesstiry repro- 
diictire organs of the male by excessive doses of oest,roi:en are much alike, there 
are some minor ditferences of response ^\hkh demand a separate consideration 
of each organ.' Unless otherwise stated the following descriptions refer to the 


mouse. 
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The Coagulating Gland 

The fact that oestrogens may cause lesions in the accessory reproductive organs 
of the male was discovered independently by Lacassagne (1933^), de Jongh 
(1933) and Burrows & Kennaway (1934), all of whom recorded the appearance of 
stratified, squamous keratinizing epithelium in these organs in mice after con- 
tinued treatment with oestrin. The lesions observed by these workers aflfected 
the so-called anterior lobes of the prostate which are in fact the coagulating 
glands (Burrows, 1935^0* 

Camus and Gley (1896, 1897) discovered that the guinea-pig’s seminal fluid 
rapidly coagulates in the air, the vagina and even in the male urethra. This 
coagulation, they learned, is caused by an enzyme present in the secretion of 
adjacent glands which they regarded as prostatic. Later the effective enzyme was 
found by Walker (1910) to originate in a special pair of ‘coagulating glands’; 
these differ from the prostate in function, in histological appearance and in the 
readiness with which they undergo functional and structural changes under the 
influence of oestrogen. The ‘coagulating glands’ are adjacent to the seminal 
vesicles and comrnunicate with the urethra close to the openings of the seminal 
vesicular ducts. The copulation plug which occupies the vagina after mating in the 
mouse, rat and guinea-pig owes its presence to the action of the coagulation glands. 

The first obvious effect of oestrogen on the coagulating gland of the mouse is 
a reduction or complete arrest of secretion. Both the cytoplasm and nuclei of the 
epithelial cells diminish in volume and the gland as a whole shrinks from this 
cause and through the loss of its normal contents. As the nuclei lessen in size 
they become more darkly stained in sections prepared for the microscope. At this 
stage an epithelial metaplasia begins in the ducts and spreads gradually and con- 
tinuously down towards the urethra and up to the gland. In the gland itself the 
spread of the metaplasia is from the areas adjoining the duct to the rest of the 
gland, the parts farthest from the duct being the last to be affected. The first sign 
of this change is the appearance, between the basement membrane and the pre- 
evisting atrophic epithelium, of large clear cells with vesicular nuclei. These cells 
multiply to form a stratified epithelium by which the atrophic secretory epi- 
thelium is replaced. As the layers of stratified epithelium increase the more 
superficial ones become squamous and eventually keratinized. With a continua- 
tion of this process the alveoli disappear and the glands become converted into 
smooth walled sacs lined with a thick keratinized epithelium and distended with 
shed keratinous debris. It is difficult to account for the disappearance of what in 
the normal gland look like alveoli unless we suppose that the structure is merely 
a bag with a much plicated wall. These changes are accompanied by some hyper- 
trophy of the fibromuscular stroma of the gland. Sooner or later a leucocytic 
invasion of the keratinized tissue is apt to occur. 

The Seminal Yesicle 

I'he changes caused in the seminal vesicles of the mouse by oestrogen are suf- 
ficiently like those in the coagulating glands to need no separate consideration 
except to say that, in the mouse, the metaplasia occurs later and spreads in a less 
orderly manner. It begins in the duct near its entrance into the urethra and later 
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appears in patches in the body of the These patches e\'entiia!ly coalesce 

so as to form a complete lining of keratinized epithelium. Wliilc these cluinges 
are in progress the fibromtjsciilar Avail of the seminal vesicle iinJerirocs a con- 
siderable hypertrophy (de Joiigh, 1934*1, /*; David, Freud dc JiinGu 1934; 
Korenchevsky & Deniuson, 1935; Overholser & Warren, 10)35; \’an Wageiien, 
1935 Wells, 1936^). This effect of oestrogen upon the stroma of flit* seminal 
vesicles has been recorded in the mouse, rat, ground squirrel and monkey. 

\^aii Wagenen (19356) gave daily injections of oestrtnie ft>r 34tiays to an im- 
mature male monkey weighing 2450 g. At the end of this pc^riod the st^minal 
vesicles weighed 5I times as much as those of an untreated contrijl monkey 
weighing 3,000 g. The increased weight of the seminal vesicles, she says, \va^ due 
entirely to hypertrophy of the fibromuscular stroma. 

The Prostate 

The abnormalities caused by oestrogens in the epithelium and stroma of the 
mouse’s prostate are essentially the same as those caused in the coagulating gland 
and seminal vesicle. They occur later than in the coagulating gland, and the pros- 
tatic ah^eoli, though eventually they become lined by a stratified comifying epithe- 
lium, do not lose their form or disappear as they do in the coagulating gland and 
seminal vesicle. A noteworthy feature of these transformations in the epithelium 
of the prostate is the sequence in which they happen in the different regions 
of the gland. The changes are seen first in the ducts and with time gradually 
spread from these foci toward the periphery, so that in some cases, while an 
advanced metaplasia may exist in the ducts and proximal alveoli, the peripheral 
regions may be little affected. A stratified epithelium may be present in the 
ducts and proximal alveoli, a pronounced epithelial atrophy in an intermediate 
zone , while the peripheral regions still show sccretoiy^ activity (Burrows, 1 93 5 6, r) . 

Although in the mouse, as in man, the greater part of the prostate arises by 
outgrowths from the dorsal wall of the urethra, so that the main ducts open into 
or near the prostatic grooves on each side of the verumontanum, there are in 
addition two or more lobules which discharge through the ventral wall of the 
prostatic urethra. These ventral lobules, like those which constitute the main 
body of the gland, exhibit epithelial metaplasia under the influence of oestrogens. 

In a single instance the writer has seen a proliferation of the metaplastic pro- 
static ducts under the influence of oestrone histologically resembling a carcinoma 
but not accompanied by” metastasis. This was found on the 1 5 5th day in a mouse 
which had been treated with one drop of a o-i per cent solution of wstruiie in 
benzene applied twice a week to the nape (Burrows 5 c Kennaway, 19341, 

Flvperplasia of the fibromuscular stroma of the prostate accompanies the 
atrophic and metaplastic effects of oestrogen on the epithelial components, and 
seems to have occurred in all the species examined, including intmkcysi CHurrier 
& Gros, 1934, 1935; Yan ^Vage^en, iQ35ti, />; Parkes wS: Zuckerman, 1935 I. 
gradation and character of the effects produced by oestroiten on the mouseN 
prostate suggested to de ] ongli ( 193 5 <i) and to the writer ( Burrows, 193 50) that the 
pathological changes in the prostate of elderly men might possibly be caused by 
a relative excess of oestrogen, tor the lesions in both cases hvive a similar ana- 
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tiimiail distribution. A comparable gradient of metaplasia occurs in the enlarged 
prostate of the human foetus during the late stages of gestation (Aschoff, 1894, 
and Schlacta, 1904) during which it is subjected to large supplies of oestrogen. 
Surgeons well know that in performing the operation of so-called suprapubic 
prostatectomy they merely remove an enlarged fibro-adenomatous core leaving 
behind an envelope of more or less healthy glandular tissue (Wallace, 1904). 
Experiments on the monkey rather support this view concerning the etiology of 
prostatic enlargement in man. Zuckerman (1938) gave daily doses of oestrone to 
two young castrated rhesus monkeys for i year. In one case the doses were 100 7 
each, in the other 2-57. The results were qualitatively the same in both (Zucker- 
man & Sandys, 1939). In the monkey which had received the major dose the 
prostate as a whole was greatly enlarged, the area of a transverse sectional plane 
being 3 times that of the normal. The increase was due entirely to overgrowth of 
the musculo-fibrous stroma intervening between the urethra and the glandular 
part of the prostate. 

Dogs suffer much from prostatic enlargement and it seemed desirable to in- 
vestigate the condition in these animals, but it has been difficult to obtain the 
necessary’ material. On applying for permission to examine the corpses of dogs 
killed in a well-known dogs’ home, w^here annually large numbers of pet animals 
are provided with euthanasia, the writer met with a refusal. He was told that the 
dogs in the home were not available, alive or dead, for experimental inquiry. 
A few specimens were kindly supplied from other sources — too few to establish 
a generalization — but they suggest that there may be two forms of enlarged 
prostate in the dog: (i) a pure hypertrophy with excessive secretory activity in 
relatively young dogs, and (2) a pathological enlargement occurring in old dogs 
and comparable with the condition which occurs in elderly men, 

Kok (1936; see also de Jongh & Kok, 1935) gave daily doses of 4,000 i.u. of 
oestrone to two dogs for 5^ weeks, at the end of which the prostates were 5 and 8 
times as large as the prostates of untreated control dogs. 

The action of oestrogen on the prostate of the human infant has been demon- 
strated by Sharpey- Schafer & Zuckerman (1941). They gave 5 mg. of oestradiol 
benzoate daily to two infants for periods of 46 and 50 days respectively. One of 
the children was suffering from congenital heart derangement and the other from 
hydrocephalus. One died when 7 weeks old and the other at the age of 7I 
months, the injections having been continued until death. In each case the 
prostate showed the changes typical of oestrogenic action, namely a squamous 
metaplasia of the crista urethralis, utriculus masculinus and the proximal 
prostatic ducts. 

Wells (1936^2) noticed a difference in the responses of the prostate to oestrin, 
depending on the presence or absence of functioning testes. He gave daily injec- 
tions of oestrone to ground squirrels during a period of 30 days. Given to animals 
in the non-breeding season or after castration the treatment caused an increase in 
the size of the prostate owing to hypertrophy of the musculo-fibrous components. 
Squirrels treated in the same way during the breeding season showed a diminu- 
tion in the size of the prostate owing to a reduction in the size of the epithelial 
cells and the amount of secretion produced by them. The writer has noticed that 
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prostatic metaplasia in the nK')Lise is more readily induced by oestrogen in the 
castrated than in the non-castrated animiiL 

Attempts to utilize the observations just quoted for human therapy have failed, 
and the administration of androgens to patients ’with enlarged prostate has not 
had any dehnite remedial effect. The condition does not appear to be caused, 
as was first thought possible, merely by an excess of oestrogen or a deficiency of 
testosterone. Owen & Cutler (1936) examined the urine of patients with malig- 
nant and benign enlargements of the prostate and found that no excessive 
excretion of oestrogen had occurred. Assays of urine excreted by men w ith en- 
larged prostate by Dingemanse & Laqueur (1940) showed that the output of 
both androgen and oestrogen was diminished, the oestrogen being reduced more 
than the androgen. The urine of normal men of the same age was used as the 
standard for comparison. 

Nevertheless, and in spite of these failures, there can be no doubt that the 
cause of benign prostatic enlargement in man lies in the testicles, though the 
nature of their influence remains obscure. The lesion does not appear after 
castration, and in those in whom it is already present removal of the testicles mil 
relieve the trouble, unless malignancy has supervened. There was a time wl«n 
castration was practised to a limited extent, though with good results, for the 
cure of enlarged prostate in man. The history of this method of treatment offers 
material for philosophic thought to those inclined toward such exercise, for the 
operation was suddenly and universally abandoned on the ill-substantiated fear 
that it might be quicHy follow'ed by mental decay. 

The Uterus Masculiuus 

The uterus masculinus, which is present at birth in mice, usually disappears later. 
In some instances, apparently, it persists as a v'estigial structure and under the 
influence of oestrogen becomes converted into a cx’St lined by comified epi- 
thelium. This is the writer’s interpretation of cysts which he has found occa- 
sionally in mice treated for long periods with oestrogen (Burrows, i934<i, ^935^)- 
These cysts are situated behind the bladder and between the lower ends of the 
vasa deferentia, in contact with the coagulating glands. In the only two instances 
in which complete serial sections w’ere made, the cysts, though adjacent to the 
prostatic urethra, did not communicate with it. Squamous metaplasia in the 
uterus masculinus as a response to oestrogen has been observ’cd by Courrier & 
Cohen-Solal (1936) and Laqueur (1936) in the guinea-pig, Tan Wagenen 
(ig3Srt), Courrier & Gros (1935) and Parkes &: Zuckermaii (1935) monkeys, 
and Sharpey- Schafer & Zuckerman (1941) in man. 

The uterus masculinus, however, does not react alike to oestrogeiis in all 
animals; in some it responds by a squamous metaplasia, in others apparently it 
does not. Zuckerman &: Parkes (1935; see also Zuckerman, 193 explain this 
difiference on the supposition that in those species in which the uterus masculinus 
reacts to oestrogens bv a squamous metaplasia, the orcan represents the vagina 
and has been derived from the urogenital sinus, whereas in other species in- 
cluding man the utriculus is a mullcrian derivative. Such an explanation seems 
to fail somewhat in its application to man, tor the utriculus of the newhoni balw 
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is lined bv a stratified, squamous epithelium; moreover a cornifying metaplasia 
is apt to occur in the uterine horns in rats and mice under the influence of 
oestrogen, and it is hard to believe that these structures have been derived from 
the urogenital sinus. 

Giiyon (1939) examined the utriculus of stallions and geldings and found that 
the lower end has a stratified epithelium and the upper part has a secretory^ epi- 
thelium with glands recalling those of the uterus. In spite of the large e^ccretion 
of oestrogen by the stallion no cornification occurs. This observation agrees with 
the fact that little or no cornification occurs in the mare’s vagina. 

The Vas Deferens and Epididymis 

Under the influence of oestrogen the epithelium of the ^as deferens, which is 
normally columnar and ciliated, becomes flattened so as to become more or less 
cuboidal, and the cilia disappear. In more advanced stages, instead of a single 
layer of cells arranged in an orderly manner the epithelium consists of several 
layers of small rounded cells with darkly staining nuclei. The stroma of the vas is 
increased in thickness, the submucosa being most affected and giving the appear- 
ance of slight oedema. The submucosa of the lower ends of the vasa deferentia or 
ejaculatory’ ducts, close to their openings into the urethra, undergoes a striking 
change, becoming greatly thickened and assuming a myxomatous appearance like 
that seen in sections of the cock’s comb (Heringa & de Jongh, 1934; Burrows, 
1935 <2; Harsh, Overholser & Wells, 1939). This curious formation diminishes 
rapidly as the distance from the urethra increases. 

When given for a period of 30 days to ground squirrels in the non-breeding season 
or after castration, oestrone caused a doubling of the size of the vas deferens, chiefly 
because of an increase in the volume of the musculo-fibrous stroma (Wells, 1936 a). 

The effect of oestrogen on the epididymis. This is like that on the other accessory 
generative organs, namely an atrophy of the epithelium with loss of secretory 
activity and an increase of the stroma. In advanced cases in the mouse a squamous, 
cornifying metaplasia may occur; but this is a late and uncommon sequel. 

The AnapuUary Glands 

This small group of glands surrounding the urethral ends of the vasa deferentia 
are affected by oestrogen in the same manner as the other accessory glands of the 
male, though metaplasia is less readily induced in the ampullary glands and is 
likely to he observed only after prolonged administration. In a few instances 
only, among many investigations, has the writer seen small areas of squamous 
metaplasia in these glands in mice. 

Cowper’s Glands 

In rats and mice these paired glands lie on the dorsal surface of the bulbar 
muscles and are applied to the lateral walls of the rectum. Each gland is con- 
nected with the urethra by a duct which traverses the muscles of the bulb. The 
body of the gland consists of one or more plicated sacs lined by secretory cells; 
the duct is lined by a single layer of flattened or cuboidal cells. The writer studied 
in mice the response of these glands to oestrone (Burrows, 1935^, 1937^)- The 
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first effect is a diminution in size of the glands owing to a rediictiaii of the cyto- 
plasm and secretory activity of the epithelial cells. At a later stage, \vhen*the 
urethral epithelium has already become cornihed, a similar metaplasia begins in 
the ducts of Cowper’s glands close to their urethral openings and gradiullv ex- 
tends along them toward the body of the gland, on reaching which the metaplasia 
continues to spread along the glandular epithelium so that the secretory cells 
become replaced by a stratified epithelium. Accompanying this epitheiial trans- 
formation a widespread atrophy and disappearance of acini in, the peripheiy of 
the gland has been seen, the process recalling that which occurs in the mammary 
alveoli during natural involution. In most examples examined by the writer the 
metaplasia has not involv’ed the whole gland, shrunken remains of the most 
peripherally placed portions of glandular epithelium being visilde here and there 
even after prolonged treatment with oestrogens. The cytoplasm of these shrunken 
cells is coloured pink in sections stained with eosin and haematoxylin, whereas the 
cytoplasm of the large secreting cells of a healthy gland are coloured a pale blue. 

In some instances cystic dilatation of the gland occurs under the influence of 
oestrogen, perhaps because of a gradually increasing blockage of the cornified 
duct at a time when the gland, or part of it, is still producing secretion. As in 
other situations where a comifying metaplasia occurs leucocytic infiltration is apt 
to follow and the cavity of the gland may become filled xvith pus. 

Harsh, Overholser Sc Wells (1939) gave 500 i.u. of oestrone daily for 30 days to 
rats, and at the end of this time found that the ducts of Cowper's glands had be- 
come lined with a stratified squamous epithelium. The effect of oestrone on 
Cowper’s gland was investigated also by Wells (1936^2), using the ground squirrel 
for his observations. This mammal has a prolonged non -breeding season during 
which the testes and accessory reproductive organs remain atrophic and inactive. 
The average weight of Cowper’s glands in the breeding season was found to be 
341 mg. and in the non-breeding season 34 mg. Oestrone given to adult males, 
whether castrated or not, during the non-breeding season caused enlargement of 
Cowper’s glands, the increase being due chiefly to hypertrophy of the fibre- 
muscular stroma. After 3 i days of treatment with oestrone a squamous, corni- 
fying metaplasia was seen in the ducts. Given to males in the breeding season 
oestrone caused a reduction in the size of the glands owing to a great diminution 
of the secretion contained in the lumina. The same metaplastic changes were 
induced as in the non-breeding season. In immature males the secretory cells 
responded differently, showing an increased size such as might be induced by 
androgen. 

The Preputial Glands 

In mice these are well-developed active organs in both sexes. They respond to a 
continued excessive supply of oestrogen in the same way as C owper s glands; 
their ducts become lined by stratified epithelium and eventually the glindiilar 
alveoli show a similar metaplasia so that the organ is converted into a cornitied 
cyst. Suppuration is an occasional sequel. 



Chapter X\'I. The Action of Oestrogen on the 
Accessory Genital Organs (continued) 

Vagina. Uterus. 

The Vagiaa 

(a) Cormfication of the vaginal epitheliunu In 1917 Stockard & Papanicolaou 
found that a periodic cornification of the vagina occurred in certain animals and 
could be easily recognized by the microscopical examination of vaginal smears. 
A simple test was thus provided by which the sexual cycle could be followed 
easily and with precision. In 1923 Allen k. Doisy obtained from the liquor 
folliculi of the sow^s ovary a hormone which would induce cornification in the 
mouse’s vagina. These two discoveries, followed as they were in 1929 by the 
preparation of oestrone in a pure cr}"stalline form, have been the foundations of a 
great deal of subsequent research. 

Oestrone given in an effective dose to a spayed mouse will produce a change in 
the vagina within 24 hours. An early result is a rapid multiplication of the epi- 
thelial cells, which not only increase numerically but undergo a metaplasia, so 
that the v^agina instead of being lined by two thin layers of atrophic cells becomes 
lined by a squamous, keratinizing epithelium many cells in thickness. If no more 
oestrone be given a copious infiltration of the epithelium with leucocytes occurs, 
and the epithelium desquamates. On the other hand, if the dosage with oestrone 
is continued at sufiiciently short intervals, leucocytic infiltration may be absent, 
so that the vagina becomes filled by a keratinous mass (Burrows & Kennaway, 
1934). These vaginal changes are not equally pronounced in all animals. They are 
relatively inconspicuous in the rabbit, and in the mare it is said that vaginal corni- 
fication does not take place in spite of a plentiful production of oestrogen. 
Papanicolaou (1933) has shown that vaginal cornification occurs in w^omen be- 
tween the 8th and 12th day of the menstrual period. At this stage, he says, there 
is a complete or almost complete absence of leucocytes from the vaginal smears 
while the epithelial cells, though usually nucleated, are cornified. Mucus at this 
stage is abundant. He states that the commonest date for a typical oestral smear 
in women is the nth day of the cycle. Papanicolaou & Shorr (1935) gave daily 
doses varying from 100 to 2,000 r.u. of oestrone subcutaneously to women who had 
undergone oophorectomy or were past the menopause. The results of this treat- 
ment were an increase of vaginal secretion, and a gradual lining of the vagina with 
a squamous stratified epithelium, the smears showing cornified epithelial cells 
with pycnotic nuclei together with mucus and relatively few leucocytes. These 
effects were cumulative and disappeared within a few days if the treatment ceased. 

I aginal cormfication, sexual attraction and copulation. Though vaginal corni- 
ficatiun is commonly associated with oestrus it does not appear to control the 
tendency to copulate at this period. As already mentioned, in some species the 
vaginal epithelium does not become cornified during the oestrous cycle, moreover 
cornification of the vagina induced by oestrogen in spayed rats does not lead to 
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copulation. Some facts suggest that vaginal cornilication, or the e\cretion of 
oestrogen in high concentration, may be associated with attraction of the male, 
and that progestin in addition is required for the acceptance of copiikticin 
(Dempsey, Flertz and Young, 1936). Arthus and Malari (19301 sainhai if rats 
are kept on a diet of powdered milk, vaginal corniticati«>n does not occur, and yet 
the rats will copulate. Beach (1942) gave 500 r.ii. of oestradiol benzoate to each 
of 7 spayed rats and tested them for sexual reciprocity 67 hours later. The test 
showed that although the males were attracted and attempted to mate they' were 
not accepted. If however 500 r.u. of oestrogen were given to spa\*ed rats and 
0-5 or I mg. of progesterone were given 48 hours later a copula ton’ response was 
displayed in every^ instance. 

The ejfect cf hyper aeniia and trauma on vaginal cornijimiivn. On general 
physiological principles it might be thought that local hvperaemia would ac- 
centuate the effects of oestrogen on the vagina and other organs. There is evidence 
to support the suggestion; indeed it has been shown that gentle trauma if fre- 
quently repeated will induce cornification in the spayed rat's vagina even if no 
oestrogen be given. Wade & Doisy (19354) have found that in spayed rats rcfx^ated 
swabbing of the vagina for the examination of smears may alone cause full 
cornification. Normally the vagina of a spayed rat is lined by epithelium only two 
cells thick. If daily smears are taken, they say, this epithelium gradually becomes 
stratified until it is perhaps tw^elve cells thick, with desquamation of the surface 
layers. When examined 3 times a day 25 per cent of their rats gave full vaginal 
cornification on the 3rd or 4th day. Their method of taking vaginal smears wus 
a gentle one; cotton wool w'as w’ound round the end of a toothpick, moistened 
with water, rotated a few times in the vagina and then smeared on a glass slide. 
Hu & Frazier (1935) have confirmed these observations. The cornification pro- 
duced in this manner is, they say, transient and may disappear although the 
swabbing is continued; but the reaction is sufficiently pronounced to affect 
materially the results of biological assays. 

Hechter, Lev & Soskin (1940) state that atropine prevents cornification of the 
vagina in the spayed mouse under the influence of oestrogen, W'hereas yohimbin 
causes the vagina to become cornified. From this they conclude that cornification 
is secondary to hyperaemia, this being caused by stimulation of parasympathetic 
nerves and the consequent release of acetylcholine. 

Vaginal cornification earned by deficiency of vitamin * 4 . One of the earliest 
changes recognized as a consequence of vitamin-A deficiency was persistent 
cornification of the vaginal epithelium. It is now recognized (Wolbach &: Howe, 
1925) that a squamous, keratinizing epithelial metaplasia resulting from this form 
of dietary deficiency is seen throughout the organs of the body and is in rm w ay 
peculiar to the sex organs or especially connected with their reproductiv^e func- 
tions; v^aginal cornification in these conditions is merely part of a general epi- 
thelial response. 

(b) Stratification of the vaginal epithelium. It has been convenient to refer in 
the first place to cornification of the vagina because this was the earliest effect of 
oestrogens on the vagina to be known and investigated. Stratification of tlie 
epithelium precedes the deposition of keratin and appears to be the essential 



304 THE ACTION OF OESTROGEN ON THE 

response of the vaginal epithelium to oestrogen, aad in the absence of inflamma- 
tion or other complication, the squamous epithelium, whether keratinized or not, 
is maintained only so long as adequate supplies of oestrogen are available. 

Freud (193S) has made the following summary of the various types of vaginal 
epithelium seen in rats: 

Type L Epithelium is only two or three cells thick, the long axis of the cells 
being perpendicular to the surface. This type is seen in infantile, spayed, hypo- 
physectomized and lactating rats. 

Type II, A stratified epithelium many cells thick but without cornification or 
mucification. It is seen during dioestrus and prooestrus. 

Type II L A stratified epithelium with mucification of the superficial cells. This 
condition accompanies pregnancy and pseudopregnancy. 

Type IV, A stratified epithelium undergoing cornification and showing in 
sections in addition to the layer of stratified epithelium seen in Type II three 
more strata, namely granulosum, lucidum and schollen, the latter being the 
desquamating cells from which the nuclei have almost or quite disappeared. 

Types II, III and IV have in common a stratified epithelium which depends 
on oestrogen for its existence. For this reason Freud thinks the common phrase 
‘oestrus inhibition ’ is misleading because, as usually applied, it does not mean a 
reversion to Type I but to Type 11 . Freud’s criticism is supported by the fact 
that vaginal cornification does not accompany oestrus in all animals. In some 
species, including the mare, it does not normally occur. Zondek Sc Sulman (1940) 
showed that cornification of the vagina is produced by oestrogen, if large enough 
doses are given, in an animal (Micmtus guentheri) which does not naturally display 
the phenomenon. In this mouse 500 i.u. of oestrone or oestradiol benzoate were 
insufficient to cause cornification in the vagina, but cornification followed doses of 
5,000 i.u. 

Metaplasia of vaginal epithelinm in response to oestrogens is not limited by age. 
The metaplastic response of the vaginal epithelium is not confined to the sexual 
life of an individual. It occurs in the foetus, the newborn and in the aged. 

Courrier (1930^) found that if 80 to 100 r.u. of oestrone were given to a guinea- 
pig about to litter, the newborn young will have an open wlva and keratinized 
vagina. A similar effect on the young was produced by giving oestrone to a nursing 
mother guinea-pig. 

Alexiu Sc Herrnberger (1938) examined vaginal smears from the newborn 
human baby. Between the sad and 5th postnatal days the vaginal smears, they 
say, show non-nucleated cornified cells only. On the 7th day leucocytes appear 
and by the 1 ith day the smears consist of leucocytes and nucleated epithelial cells. 
In the male child at birth and for a short time afterward a squamous metaplasia 
may be seen in the prostatic utricle (Aschoff, 1894; Schlacta, 1904). 

Evidence of the efficiency of oestrogens in causing vaginal cornification in ad- 
vanced age is not limited to experience with animals in the laboratory; oestrogens 
are used successfully by the clinician to cure the defectwe cornification which 
accompanies senile \nilvitis in women. 

The mjliience of neighbouring tissues on vaginal 7netaplasia in response to oestrogens. 
The capacity of vaginal epithelium to respond to oestrogens is not affected by its 
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situation in the body. The property is innate in the cells, and is retainril hv 
them after transplantation into another part of the bock" or into another in- 
dividual (p. 114). One example here %vill suffice to illustrate the tevt. Raynaud 
(1930) removed the ovaries from adult guinea-pigs. Three or 4 weeks afterward 
a piece of mneosa was removed from about the middle of the vagina and irraficd 
subcutaneously in the pectoral region of the same aninial. Twt» or 3 weeks later 
the guinea-pig was treated with oestrone. The grafts were found to react to this 
treatment with the same intensity as the normally situated \agina. 

The action oj oestrogen on ike Taginal epithelium is dinri. The !’\:v rrlc.-tic and 
metaplastic changes induced in the v'agina by oestroceiis appear ti;,) be inde- 
pendent of the pituitary. Smith (1932) found no essential ditference in the sensi- 
tivity of the vagina to oestrogen in the intact rat, and in rats which had iinder- 
gone hypophysectomy or ovariotomy; Sammartino & Arenas (1940) have made a 
similar observation in dogs. jMoreover, by direct application of cKstruiie to the 
vagina, corniiicatian may be induced by doses which are too small to cause this 
reaction if administered elsewhere in the body (Berger, 1935; Lyons & IVinple- 
ton, 1936). 

(c) Hyperaemia^ hypertrophy and oedema of the vaginal stroma. Oestrogens do 
not act on the vaginal epithelium alone. They cause a general hyperacmia and a 
moderate hypertrophy of the muscular and fibrous stroma. In an animal which 
has been spayed the resulting atrophy of the vaginal wall will largely disappear 
under treatment with oestrogen. 

One of the effects of oestrogen on the uterus is a thickening of the suhniucosa, 
which assumes an oedematous or m\Tcomatous appearance. This condition ex- 
tends in a less pronounced degree to the v^agina, especially in the part nearest to 
the uterus wkere, in sections prepared for the microscope, it may resemble the 
so-called myxomatous tissue of the cock’s comb or the swollen sex-skin of the 
monkey (Gardner, Allen & Strong, 1936), A similar condition occurs in the distal 
ends of the vasa deferentia and around the ends of the ejaculatory^ ducts in the 
male (Burrows, 1935 and is, almost certainly, to be explained by an increase 
of turgor, for the power to retain water in the tissues is an attribute of all the 
gonadal hormones, though the different types of hormone differ considerably in 
their potency to cause this retention and in the anatomical localities where they 
produce the effect. As a general rule the trophic effects of a gonadal hormone on 
any particular tissue are accompanied by a local retention of water in that tissue. 

\d) Lencocytosis. This is a regular consequence of the changes occurring 
in the vagina and uterus during oestrus. In the vagina polymorphonuclear 
leucocytes penetrate the comified epithelium and escape into the lumen even 
before desquamation has become general, and they continue to pass into the 
vagina for a while after desquamation has become completed so that they are a 
characteristic feature of metoestrus. The leucocytic invasion, like the uterine 
bleeding seen in some animals, may perhaps be the consequence of a more or less 
sudden diminution in the supply of oestrogen. As to the cause of this leucocytic 
infiltration of the vagina and uterus there has been some difference of opinion and 
further investigation is needed to settle the problem. For a discussion of the 
matter see p. 308. 
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(r) Miidjkatim of rugimil epithelium, Under the combined influence of 
oestrogen and progestin, or of oestrogen and androgen, cornification may be 
replaced by mucificatioii ; that is to say, the vagina is lined by a stratified epithelium 
of which the superficial layers instead of being squamous and comified are 
swollen, rounded or columnar, and contain abundant mucus-like material. As 
stated earlier (p. 504), the stratification is attributable to oestrogen. Stratification 
is not essential for mucification, for itisabsent during lactation although the vaginal 
epithelium is of the mucus-producing type. Mucificatioii is discussed in connection 
with the effects of progestin, androgen and corticosterone (pp. 214, 413, 451). 

(/) Vaginal acidity caused by oestrogen. The discovery that oestrogens are of 
much value in the treatment of gonococcal vaginitis, especially in young children, 
was attributed at first to the metaplasia induced by the hormone in the vaginal 
epithelium, and this explanation is perhaps true in part. But it has been learned 
that the keratinizing metaplasia is accompanied by a pronounced alteration of the 
hydrogen ion concentration in the vaginal secretion. Lewis & Weinstein (1936) 
found that the mean pR of the vagina in seventeen normal children ranging in 
age from 4 months to 10 years was 7*2, and in ten children with gonococcal 
vaginitis the mean^H was about 7. It is known that gonococci grow best in an 
alkaline medium and that acidity checks their multiplication. Under treatment 
with oestrin, Lewis & Weinstein say, the vaginae in these children become acid. 
In no instance among twenty-four cases of gonococcal infection could gonococci 
be identified in smears when the vaginal secretions were more acid than 6. 
In one patient under treatment wuth oestrin the v^aginal was 4. 

Schockaert & Delrue (1936) state as a well-known fact that after removal of 
both ovaries, or after the menopause has become established, there is a reduction 
of acidity in the vagina. The vaginal pVL in the normal woman is about 4*5 to 5, 
whereas after the menopause or removal of the ov’aries it is 7 or more alkaline 
than 7. By giving oestrin to women after the menopause or after removal of the 
ovaries the vaginal acidity may be raised, they say, almost to a^H of 5. 

Hall & Lewis (1936), using immature monkeys (Macacus rhesus) under amytal 
anaesthesia, estimated the pR of the vaginal fluid by glass electrodes placed 
against the vaginal wall. Before injections of oestrone the average vaginal 7)H was 
found to be 7*7. After treatment by daily subcutaneous injections of 100 r.u. of 
oestrone during 2 weeks the vaginal j)H w’as 5*5. Four weeks after cessation of 
the injections the average vaginal pH was 87 (Table 146). 


Table 146. The effect of oestrone on the pH of the vagina in 
immature macaques (Hall & Lewis, 1936) 


Total oestrone 


Vaginal pM 


Serial number 

given in 2 weeks 

Before 

At the end of 

4 weeks after cessa- 

of monkey 

(r.u.) 

treatment 

treatment 

tion of treatment 

I 

None 

rs 

— 

— 

2 

None 

7*5 

— 

1 

3 

None 

8*1 

— 

8-8 ^ 

4 

1,700 

8*0 

5*4 


5 

1,400 

7-6 

5*5 

— 

6 

1,400 

7*7 

5*7 

8*6 1 

Averages 


7-7 

5*5 

87 1 
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Mall and Lewis say that in healthy childrea the /jII of ifie is 7 

and 7*2 ; in children with puruleat vaginitis the pM was Cv8 or and in the same 
children during treatment with oestrin it varied from 5 to 5*9, This increase in 
acidity they attribute to the formation of lactic acid from the glycogen which is 
present in the vaginal epithelium, 

Weinstein, Wawro, Worthington ^ Allen (193^^) treated si:\ iraniature rhesus 
monkeys with repeated doses of oestrin. Before treatment the vaginal /li ranged 
from 6-8 to 7*2. The injections of oestrin caused a rise of acidity which became 
evident in about 20 days and reached a pll of 3-8. Lighteen days after the treat- 
ment with oestrin had been stopped the vaginal />H had returned to the normal , 
that is betw'een 7 and 7*2. The increase of acidity was directly relited, they say, 
to the concentration of glycogen in the vaginal mucosa, and to the thickness of the 
mucosa. Daring the acid stage the Doderlein bacillus hecarne predominant, 
other bacteria being inhibited by the acidity; the numerous Ddderlein bacilli 
being in their opinion the result and not the cause of the acidity. Comparable 
results were obtained with oestrogens in another macaque {Macacd rmulaita) by 
Dow & Zuckerman (i939«)> in women (Beilly, 1939, i 94 o)> in rats (Beilly, 

1939)- 

(g) Presence of glycogen in the cotnified veiginal epithelium, Robertson, Maddux 
& Allen (1930) show^ed that glycogen granules were present in the comified epi- 
thelial cells of vaginal smears, and that the amount of glycogen increased as comi- 
fication progressed. Glycogen was present also in the epithelium of the endo- 
metrial glands. Yan Dyke & Ch’en ( 1936) made observ’ations on the vaginal pVL 
in female macaques, and learned that during immaturity and after spaying the 
vaginal secretions are alkaline but become acid under the influence of oestrone. 
Normally, they say, the vaginal mucous membrane contains more glycogen than 
any other tissue in the body except the liver, and they suggest that the vaginal 
acidity following the administration of oestrogen may be due perhaps to lactic acid 
derived from the large store of glycogen. After removal of the ovaries the 
glycogen content of the vagina rapidly decreases. 

{h) Changes in electrical pot entt ah in the ragina. Burr, Hill & Allen (1935) 
observed that ovulation may be accompanied by a sudden rise of electrical 
potential in the vagina. Rabbits were mated and 6 hours later anaesthetized \v’ith 
sodium amytal. Hair was shaved from the abdomen and the electrodes of a 
potentiometer were applied to the vagina and the abdominal skin. The readings 
up to 8 hours after mating were uniform. At about the 9th hour tiic tirst ovulatiim 
occurs and is accompanied by a sudden rise of the vaginal potential followed by a 
fall. With each subsequent ovulation a similar disturbance of potential uccurs, the 
number of ova shed corresponding with the number of the sudden chances. ’Lhe 
potential differences noted were between 7 and 20 m\". llie sanie phcrionieni^ 
appears to accompany ovulation in women (Burr, Mussclman. Barton Kell\v 
1937). In a human patient electrodes were kept in contact with t!ie pubic skin 
and the interior of the vagina at the time of oxuiiation which, as pr^Avd by laparo- 
tomv, occurred on the 2 ist day of the cycle. Before ovulation the wiginal potential 
was 30 mv. negative to the pubic skin ; at the time of ovulation the vaginal peUen- 
tial showed a sudden change to 50 mv. positive in relation to the pubic 
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Rcigirs (1936, 1937, 1938^?, h; see also Rogers & Allen, 1937) made investiga- 
tioiis on rats. He clipped the pubic hair and, while they were under sodium 
am vtal anaesthesia, placed one electrode of a potentiometer in the vagina and one 
on the skin over the symphysis and observed the potential relationships between 
these two spots at different stages of the oestrous cycle. At oestrus a great change 
in the potential dilTerences took place, the p.d. rising to 20 mv. or more; in re- 
peated tests the results were consistent. In spayed rats the changes of p.d. 
characteristic of the oestrous cycle did not occur spontaneously, but if enough 
oestrin were given to cause vaginal comification the electrical disturbance was 
produced about 19 hours after the injection and by giving repeated doses of 
oestrin could be maintained. Obviously in this instance ovulation played no part 
in causing the electrical changes in the vagina. Rock, Reboul & Snodgrass (1938) 
also have made observations on the electrical conditions which accompany ovula- 
tion, and their observations rather suggest that ovnilation, that is to say rupture of 
a follicle with release of the contained o\aim, is not the essential factor in causing 
the change of electrical potential. They recorded the relative potentials of the 
vagina and abdominal skin in ten w^omen before laparotomy. At the time of the 
abdominal operations the ovaries were examined and it was found that the 
maximum p.d. was associated with o\ailation in seven cases and in three with 
maturation of follicles which had not ruptured. In these examinations the 
potentials of the vagina in relation to the skin of the abdomen ranged from —10 
to 4-30 mv. 

Rogers (1938^) noted that the characteristic changes in the electrical potential 
of the vagina caused by oestrogen were still brought about after hypophysectomy. 
He also noted (1938 ft) that during pseudopregnancy the relation between the 
potentials of the vagina and the symphysis resembled that seen in spayed rats. 

Leucocytic Invasion as an Accompaniment of 
Epithelial Metaplasia 

The presence of leucocytes in vaginal smears is a regular feature of the oestrous 
cycle (p. 305). The leucocytes appear when the comified epithelium is being shed. 
The explanation of their appearance is at present speculative. It has become 
natural to associate the presence of leucocytes with bacterial infection and some 
people have ascribed oestral leucocytosis of the uterus and vagina to this cause. It is 
conceivable that the change of^H in the vagina which accompanies oestms might 
be favourable to the rapid development and activity of symbiotic acidophilic 
bacteria and thus bring about leucocytosis. This explanation for such a constant 
and general phenomenon as we are now considering seems to the writer un- 
acceptable in the lack of conclusive proof. There are other causes of leucocytic 
invasion than bacterial infection: aseptic inflammation for example. Moreover, 
an infiltration wdth polymorphonuclear leucocytes appears to be a frequent adjunct 
to cornifying metaplasia wherever it may occur and whether caused by the action 
of oestrogens, a deficiency of vitamin-A in the diet, or other agency (Burro^vs, 
^935^)* writer it seems likely that the leucocytosis is secondary to local 

differences of electrical potential. Those who have investigated the bacterial con- 
ditions accompanying oestral metaplasia of the uterus have found bacteria in 
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company with the leucocytes. CmrdntT & Allen (1937), using ten mice 32 to 
42 days old, excised the anteri or three-iju alters of a uterine lumi and iriiispknted 
it into the inguinal region. The mice were then given 500 iai, of nestrogen once a 
week for periods \’ar\ing from 4. to S months. .\f the end of this treatment the 
grafts were distended with clear fluid containing \‘er\' few or no IvuaKxUs, llie 
epithelium, it may be noted, was cuhoidal orcidurnnar. l.ciicocytosis and pyo- 
metra were found in the remnants of uterus which had been lef t in cont iniiity wit h 
the vagina. In another paper Weinstein, Gardner k Allen ( 1937) gi\'e the results 
of a similar experiment together with the bacteriological findings which are sum- 
marized in a general manner in Table 147. 


Tablk 147. The influence of oestrogen in favourinir infecrii>n of the 
uterus in mice (Weinstein, Gardner Sc Allen, 1937) 



Number 
of mice 

Results obst*reed after trcitment '’ftiih 
C,}estrO'nr benzoate 

With infected uteri Without infected uteri 

Treated with ocstrone benzoate 

58 

4a 

16 

Untreated 

44 

2 

4a 


Gardner & Allen regard these results as indicating that oestrogenic hormones 
injected for long periods of time in large enough amounts induce changes favour- 
ing uterine infection or preventing the control or removal of infection, and that 
pyometra cannot be attributed to a direct action of iK^strogenic hormones. 

Variations in siisceptibiliiy to leucocytic infiltration, llie liability to leucocytic 
invasion does not correspond with the readiness of an organ to display epithelial 
metaplasia. For example, corniiication in the epididymis under the influence of 
oestrogen is a late and unusual phenomenon in mice and when it occurs it secerns 
to be accompanied almost at once by suppuration. In the mouse the coagulation 
gland undergoes metaplasia in advance of the seminal vesicle, and yet suppuration 
in the latter commonly precedes suppuration in the coagulating gland. In the pro- 
static alveoli, as in the epididymis, leucocylic invasion may he almost coincident 
with cornification. 

It is not to be inferred from these remarks that leucocytic infiltratioii is seen 
first in the structures that have been the last to undergo epithelial metaplasia. 
The inten'^al between the onset of metaplasia and suppuration is shortest in these 
as a rule; but the onset of metaplasia may be so long delayed in them in com- 
parison with, for example, the coagulating gland and seminal vesicle that the latter 
organs inav be the seat of an abscess before any metaplasia has occurred in the 
former situations. Usually, in the mice observed by the writer, the seminal 
vesicles have been the first organs to show suppuration and the cuacii Liting glands 
the next. 

A squamous-cell nietapilasia is nut essential tor local leucocyii^sis. An abuiuiant 
discharge of leucocytes takes place in the uterus diiriiig the i>estreus cycle in the 
absence of any squamaus metaplasia. 
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The Uterus 

Like the other accessorx* organs of reproduction, the uterus depends for its well- 
being and functional utility on a continued supply of hormones from the ovary; 
and a deficiency of these homiones, caused hy removal of the pituitary, spaying 
or senile involution of the ovary, is followed by atrophy of all the component 
parts of the utenis. Knauer (i 900) demonstrated by experiment the dependence 
of the uterus on the ovaries. He spayed rabbits and in some he replaced the 
ovaries either between the fascia and the abdominal muscles near the laparotomy 
wound or attached them to the mesometrium. After spaying, atrophy of the 
uterus followed, but if one of its ovaries were transplanted into another part of 
the animal and survived, atrophy of the uterus did not ensue. Uterine atrophy 
could be prevented also, he found, by the successful transplantation of an ovary 
from another rabbit, and this procedure restored to a normal condition the uterus 
which had been atrophied for many months as the consequence of spaying. Later 
work by numerous investigators has shown that by giving oestrogen, also, this 
* castration atrophy’ can be countered and the uterus restored almost to its 
normal state, 

Betw’een the years 1890 and 1900 the beneficial effects of retaining portions 
of the ovary during gynaecological operations on women were recorded by several 
surgeons, and it was found also that these beneficial effects could be secured by 
ovarian autografts. 

[a) Hyperaemiay oedema, hypertrophy. Courrier & Potvin (1926) were perhaps 
the first to describe in detail the uterine changes induced by the artificial ad- 
ministration of oestrogen in excess of normal requirements. They removed the 
ovaries from a virgin rabbit and 5 weeks later excised part of one uterine horn for 
inspection. The uterus had become involuted, being small, pale, and lined with 
a flattened epithelium; the muscle and submucosa were atrophied also and the 
latter was almost devoid of uterine glands. Three days after this operation the 
rabbit was given daily injections of 2-5 c.c. of follicular fluid obtained from cows’ 
ovaries, and after a week of this treatment the animal was killed. The uterus was 
now congested and hypertrophied ; its epithelial cells were no longer flat but 
swollen and rounded ; the submucosa was thickened, hyperaemic and oedematous, 
and penetrated by the uterine glands. Hyperaemia and swelling of the uterus 
were noted by Loeb & Kountz (1928) in guinea-pigs after subcutaneous injections 
of follicular fluid; Reynolds (1939) has correlated the hyperaemia with a release 
of acetylcholine. Allen (1928^) gave oestrin twice daily for 3 weeks to a monkey 
(Jlijcaeus rhesus), the total dose during this period being over 1,000 r.u. At the 
end of this treatment the uterus was enlarged with hyperplasia of the muscle, 
glands and epithelium. Smith (1932) found in rats that these reactions of the 
uterus to oestrin took place with the same readiness after removal of the pituitary 
or ovaries as in intact animals. 

The responses of the uterus to oestrin occur rapidly and, says Moricard (1934), 
come about in all animals, whether normal or spayed, which have been studied 
in connection with the matter. Immature mice weighing 7 g. were given one dose 
of I y oestrin. Slight enlargement of the uterus was present 24 hours later and 
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after 48 hours was more pronounced. With continued administration of msirin 
the uterus became distended with clear tiuid. 

In addition to an obvious hyperaeniia (X‘struirens cause tfie iiienis, esfx^Sally 
its submucosal layer, to become oedernatous. Fairin & Reynolds (iQ^b'K when 
examining the etlects of oestrone on the uterus in spayed rabbits, iinied that 
vaso-diktation and oedema were early effects and preceded the onset of rhythmic 
contractions. Van Dyke& Ch’en (i936)estimated the water cuntent of the uterus 
at different periods of the menstrual cycle in nuuikeys (Mamca muldtia) and 
found that it was highest during the stage of epithelial proliferation and that 
menstruation was associated with a local dehydration. Astwotid {1938, I939tf} 
made the same sort of observation. He used normal adult rat.^ and e.>tinu!cd the 
water content of the uterine horns during different stages of the Hestroiis cycle. 
The tissues were weighed^ then dried and weighed again. The water content, he 
says, is highest at prooestms and falls rapidly with the appearance of cornitied 
cells in the v^aginal smears. In pseudopregnancy, the water content of the uterus 
rises during the first 5 days and then falls to below^ the dioestrous level. Six hours 
after the injection of 2 y of oestradiol given during dioestrus the water content of 
the uterus increases, but this does not happen, Astwood says, if the oestrogen is 
given during praoestrus when the uterus is already oedematous. In immature 
rats between 21 and 23 days old a single subcutaneous injection of o-iy of 
oestradiol caused an increase in the uterine weight which reached a maximum of 
60 per cent more than the normal w^eight in 6 hours. The increased weight, as 
in the adult rat in similar circumstances, was due to an accumulation of water, 
which occurred mostly in the submucosa. 

xAllen, Smith &: Gardner (1937; see also Allen, Smith & Reynolds, 1937), using 
Dustin's colchicum technique with rats and mice, studied the histological changes 
in the uterus which follow the administration of oestrogen. They used animals 
which had been spayed 2 months previously. The earliest effect of oestrin, they 
say, is a hyperaemia and oedema in the uterine cornua. This is followed by mitosis 
in the epithelium and glands. The more deeply lying parts of the glands are the 
first to show mitosis ; with time, cell division ceases in the glands and they begin 
to secrete while mitosis continues in the epithelium lining the uterine caviw. 
In the muscle the most active mitosis comes about when the uterus is distended 
with, the products of secretion; that is to say, the muscular hypertrophy is later 
in appearing than epithelial mitosis. Perhaps the muscular hypertrophy is caused 
by the distension alone and not by a direct action of oestrogen on the uterine 
muscle, for the mere insertion of a paraffin pellet into the uterine cavity of a 
spayed rabbit will cause hypertrophy of the uterus proportional, within limits, to 
the amount of distension produced by the pellets (Reynolds, 19371* Oestrin 
hinders this hypertrophy in response to distension. Reynolds found that the 
optimum effect in causing hypertrophy’ of the uterus w'as pr. ■■dnced by pellets if 
their diameter was about equal to that of the uterus. Their effectiveness was 
less when the pellets were less than half or more than twice as thick as the 
uterus (p. 426). 

Allen (1940), by the use of colchicum, observ’ed mitosis in the uterine muscle 
in response to the presence of paraffin pellets. 
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The actions of oestrogens on the uterus which have been described above 
appear to be the result of a direct influence. According to Hill & Parkes (1933) 
they will occur in the absence of the pituitary or ovary. These investigators gave 
daily subcutaneous doses of 0-5 to 2 mg. of oestriol to (a) hypophysectomized and 
(b) ovariectomized ferrets for periods of 5 to 15 days. Judging by the weight of 
the uterus and the development of the endometrium at the end of the treatment 
the responses were the same as those obtained in normal ferrets. Sammartino & 
Arenas (1940), using dogs, also find that the effects of oestrogen on the endo- 
metrium and uterine stroma occur in the absence of the pituitary. 

(b) The condition of the human uterus after the menopause. It might have been 
supposed that the quiescence of the ovaries after the menopause would result in 
atrophy of the uterus. In most cases such a supposition would be correct, but 
not always. Novak & Richardson (1941) examined the endometrium in 137 
women who had passed the menopause, and in 31 per cent of these the uterine 
epithelium was hyperplastic as though it had been recently submitted to the 
action of oestrogen. This hyperplasia probably can be attributed to adrenal activity. 

(r) Cholinergic action of oestrone on the uterus. Reynolds (1938) noted that 
when oestrin.is injected into a spayed rabbit it causes a hyperaemia of the uterus, 
this effect reaching its maximum between 30 and 60 minutes after the administra- 
tion. Extracts prepared from the uterus at this stage show its acetylcholine 
content to be significantly increased. Oestrogens have been found to have a 
cholinergic effect on the vagina also. 

{d) The effect of oestrogen on the respiration of the uterus. Khayyal & Scott 
(1931, 1934 and 193 s) found by in vitro tests that the consumption of oxygen by 
the rat or mouse uterus shows cyclical variations, being almost constant during 
oestrus and the first part of dioestrus whereas it is nearly doubled during the latter 
part of dioestrus. After spaying, they say, no such variation takes place. Sub- 
cutaneous injections of fresh bovine follicular fluid caused a rise of oxygen 
consumption in the rat’s uterus beginning within i hour and reaching a maximum 
between 3 and 6 hours. Similar tests by David (1931) did not give quite the same 
results. He estimated the oxygen consumption by the normal mouse’s uterus to 
be about 1*7 or 1*8 c.c. of dry gas per gram of moist tissue per hour at n.t.p. No 
increased consumption of oxygen was observed in natural oestrus or when oestrus 
was induced in the spayed animal, though in immature mice oestrone caused an 
increase in the take up of oxygen to 2*3 c.c. per gram per hour. Kerly (1940) 
found that in the uteri of untreated rats anaerobic glycolysis showed variations. 
After the injection of oestrone it was increased, the rise beginning between 6 and 
12 hours after the injection and reaching a maximum between the 24th and 36th 
hours. Though the oxygen consumption was increased this effect was less marked 
than the rise of anaerobic glycolysis. The latter result was not altered by hypo- 
physectomy, Kerly did not detect any effect of oestrone on the respiration of the 
isolated uterus in vitro. Carroll (1942) says that injections pf 507 of oestradiol 
dipropionate into rats caused an increased uterine respiration. Both aerobic and 
anaerobic glycolysis were increased. 

(e) Epithelial hyperplasia and metaplasia: cystic glandular hyperplasia. With 
a continued administration of oestrogen the epithelial proliferation and other 
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changes mentioned above progress, the uterine glands extend and penetrate more 
deeply into the submucosa and become distended with fluid. The cystic glandular 
hyperplasia thus produced is well recognized in human pathology. 

Wolfe, Campbell & Burch (1932) spayed guinea-pigs and rats and thereafter 
submitted them to repeated daily injections of oestrin in doses ranging from 
20 to 50 i.u. They found that cystic glandular hyperplasia of the uterus could be 
produced in guinea-pigs within 8 to 15 days by these moderate doses of oestrin. 
In rats the results were the same except that cystic dilation of the uterine glands 
was not always induced within this period. Lacassagne (1935 a) described the same 
condition in a rabbit which had been under treatment with oestrone during a 
period of 3 months. In mice he noted that, with equal doses, these eflfects of 
oestrone on the uterus varied in degree in different inbred strains. 

(/) Metaplasia of epithelium: adenoma and cancer. At a more advanced stage 
of treatment with oestrin, squamous metaplasia appears in the endometrium. This 
occurs earliest in the cervix and especially in the part nearest the vagina, where 
metaplasia is more readily induced by oestrogen than in the rest of the uterus. 
Overholser & Allen (1933) treated rhesus monkeys with daily injections of o^trin, 
the doses being from 50 to 100 r.u. The duration of the experiment varied from 
16 to 90 days with six spayed monkeys and lasted for longer periods in three 
others whose ovaries had not been removed. While the experiment was in progress 
the cervix was injured either by scissor cuts made at intervals of a few days or by 
the attachment of a metal clip. Much epidermization took place in the cervices 
of these monkeys and in one there was an appearance of infiltrating epidermoid 
carcinoma, and in another, according to James Ewing, a pronounced precancerous 
lesion. The other monkeys all showed a squamous keratinizing metaplasia. In 
further experiments Overholser & Allen (1936) gave 400 r.u. of oestrin 3 times 
a week or 300 r.u. daily to monkeys during periods varying from 6 months to 
2 years. During the experiment the cervix was injured in some and left intact in 
others. In the three which had received the largest doses of oestrin adenomas of 
the cervical glands were present together with cystic changes and extensive 
epidermization. Overholser & Allen came to the conclusion that cervical trauma 
had no relation to the degree of the changes produced. Engle & Smith (1935) also 
gave daily injections of oestrin to monkeys for several months with the result that 
a squamous, keratinizing metaplasia occurred in the cervical glands. Hisaw & 
Lendrum (1936) performed similar experiments on monkeys with the same 
result. In one instance there was a development of squamous epithelium in the 
glands of the cervix which resembled the beginning of cancer in w^omen; none of 
the lesions produced showed invasive properties. In the course of these experi- 
ments, they say, the cervical metaplasia induced by oestrin disappeared if the 
supplies of this hormone were discontinued. They observed also that the epi- 
thelial metaplasia w^as checked by progesterone; daily doses of 4 rb.u. of pro- 
gesterone prevented daily doses of 100 r.u. of oestrone from causing metaplasia 
of the cervical glands. Nelson (1937^^) has made a similar observation. 

The writer has treated many mice for long periods with oestrin, and among 
them cancer-like metaplasias have occurred in the uterus; but in no instance has 
a mouse so treated died of uterine cancer, nor has any case of indubitable 
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squamous epithelial cancer of the uterus with metastasis been found among these 
animals. One of the mice died with a large uterine sarcoma which may or may 
not have been caused by the oestrin given. In the light of his own work the author 
is sceptical concerning the interpretation of some of the results just quoted. 
A squamous metaplasia of the uterine epithelium certainly is caused by oestrogen, 
but there seems still to be a doubt whether oestrogen, unaided by some ad- 
ditional factor, can induce squamous cell cancer of the uterus in mice. It may 
be, as with mammary cancer, that certain genic and nongenic transmissible 
factors are required in addition to oestrogen. Such a suggestion gains force from 
the fact that carcinomas of the uterus have developed in mice of the CBA strain, 
or in crosses of this strain with C57 under the influence of oestrogen. Allen & 
Gardner (1941) have reported that uterine cancer appeared in twenty-five 
(56*8 per cent) of forty-four such crossbred mice which had been treated with 
oestradiol benzoate and survived for more than i year. The dosage in this experi- 
ment usually had been i6-6y per week. The tumours were squamous carcino- 
mata. Miller & Pybus (1941), also, have observed uterine tumours in CBA mice 
which had been treated with oestrone. In some instances the tumours were fibro- 
myomata or fibrosarcomata, but in others squamous epithelial cancer was present. 
Among twenty-six spayed CBA mice which had been given 300 i.u. of oestrone 
once a week, cervical tumours eventually appeared in twelve, and among twenty- 
eight non-spayed CBA mice treated in the same way uterine tumours developed in 
eighteen. In 130 untreated female CBA mice cervical tumours occurred in nine. 

These cases in mice connected with the CBA strain seem to be almost the only 
undoubted examples of uterine squamous cell carcinomata caused experimentally 
in mice by oestrogen. A solitary instance of uterine cancer in a mouse of the 
CgH strain treated with oestrogen has been reported by Gardner, Allen, Snaith & 
Strong (1938). 

In connection with the possibility of accessory factors taking a share in the 
etiology of uterine cancer in mice the following observations may be mentioned. 
Lacassagne (1936^) recorded the development of squamous metaplasia in the 
uterus of a mouse which died of pyometra after being treated for 5 months with 
oestrone benzoate and an alkaline extract of fresh pituitary gland (horse). In this 
case the epithelium at one place invaded the submucosa as far as the muscle into 
which it had slightly penetrated. Mitoses were numerous ; no metastasis was dis- 
covered. Whatever the nature of the lesion may have been the administration of 
pituitary extract may perhaps have played a part in its production. Work carried 
out by Perry & Ginzton (1937; see also Perry, 1936) may also be mentioned here. 
They treated 150 spayed mice persistently with the carcinogen 1:2: 5 : 6-dibenz- 
anthracene, and to seventy-five of them gave oestrin in addition. Among those 
which had received oestrin cancer of the uterus appeared in three. 

Domestic rabbits seem to be extraordinarily subject to a different form of 
uterine cancer. Greene & Saxton (1938) have reported eighty-three cases of 
adenoma or adenocarcinoma occurring among their own stock of rabbits. The 
writer (Burrows, 1 940) also has drawn attention to the same subject ; among twenty- 
five female rabbits which had lived for 900 days or longer under his observation 
fifteen died with adenocarcinoma of the uterus and in three of these primary 
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cancer of the breast also was present. In every one of these rabbits the ovaries 
showed advanced changes, and in most of them cystic mastopathia and other 
conditions were present, which suggested that the rabbits had been subjected to 
abundant supplies of their own oestrogen. It is possible that progesterone co- 
operated with oestrogen in the causation of these tumours, for several and perhaps 
all of the rabbits had been repeatedly pseudopregnant, evidence of progestational 
changes in the endometrium not infrequently accompanied the neoplasia, and 
the ovaries in the tumour-bearing animals were always enlarged and appeared to 
be heavily luteinized. The fact that the primary tumours are commonly multiple 
and occupy successive intervals in the uterus so as to give it the configuration of 
pregnancy might also be taken to suggest a progestational influence. In a recent 
paper on these uterine tumours in the rabbit Greene (1941) says that there is 
abundant evidence that oestrin represents the exciting agent. His rabbits had 
suffered from hepatic disorder which, he suggests, may have assisted in the 
neoplasia by interfering with the inactivation of oestrogen. 

In some of the writer’s rabbits fibromyomata were present besides adenocar- 
cinoma of the uterus, and this combination might be regarded as further evidence 
that excessive supplies of oestrone had been available. 

(g) Le^cocytosis of the uterus and pyometra, Loeb (1914) observed migration 
of leucocytes into the uterine cavity following oestrus, and discovered that this 
process was much increased in guinea-pigs by the act of copulation. In this 
animal, he says, leucocytes are seen migrating through the mucosa into the 
lumina of the uterine glands within i hour of copulation, and in 3 to 8 hours after 
copulation the leucocytes may enter the uterus in such quantities as to make its 
cavity resemble that of an abscess. Stockard & Papanicolaou {1917) correlated 
leucocytosis in the uterus and vagina of the guinea-pig with a particular phase of 
the oestral cycle, and Allen (1922) found that the same held good for the mouse, 
that is to say at the end of oestrus a leucocytic invasion takes place. As with 
uterine bleeding, the shedding of epithelium and local leucocytosis appear to 
depend upon a reduction of the supply of oestrogen. 

The writer has shown that a local infiltration by leucocytes is a common 
accompaniment of epithelial metaplasia, whether induced by oestrogens or by 
other means, in whatever organ and whichever sex the metaplasia may have 
occurred (Burrows, 1935 b). The matter has been dealt with (p. 308) in connection 
with the effect of oestrogen on the vagina, and no more will be said about it here 
except so far as concerns the uterus. Mice were treated by applying one drop of a 
o-i per cent of oestrone dissolved in benzene to the skin of the interscapular 
region twice a week. These applications caused an excessive degree of keratiniza- 
tion in the vagina, together with proliferative changes in the uterine epithelium. 
Accompanying the latter was a profuse infiltration of the endometrium with 
leucocytes. In several instances the uterine horns became greatly distended with 
pus and the mice died, often with purulent perimetritis. The pyometra may have 
been caused by a blockage of the vagina, which in some instances was distended 
by a mass of keratinized debris. The primary uterine leucocytosis was, how’^ever, 
not dependent on any obstruction in the vagina, and seems to have been caused 
by oestrogen (Burrows & Kennaway, 1934). 
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(A) Hyperplasia of the uterine stroma. David, Freud & de Jongh ( 1934), having 
given daily injections of oestrin to spayed rabbits and rats during a period of 
several weeks, noted a pronounced hypertrophy of the fibromuscular stronaa of 
the uterus. Among the oestrogens tested, oestradiol, oestradiol benzoate, oestra- 
diol diacetate and reduced equilin all had a greater effect than oestrone on the 
fibromuscular components of the uterus. Lacassagne (1935^), using mice, also 
found that oestrogens cause hyperplasia of the uterine stroma, noticing at the 
same time that these reactions occur more readily in some strains of mice than in 
others. He made observations on rabbits, to one of which he gave daily injections 
of oestrone from the day of its birth onward. When killed at the end of z\ years 
the uterine horns were greatly enlarged, knobbly, and contained subserous cysts. 
The lumen was narrowed and in places obliterated, and at these spots there were 
swellings, which resembled fibromyomata. The uterine muscle was hypertrophied 
throughout. McEuen, Selye & Collip (1936^2) and del Castillo & Sammartino 
(1938) have found hypertrophy of the uterine stroma in rats after prolonged 
treatment with oestrone. The muscular hypertrophy caused in the uterus by 
oestrogen has been studied by Barks & Overholser (1938), who gave daily sub- 
cutaneous injections of 5 or 10 r.u. of oestrone to rats, most of which had been 
spayed. The injections were continued for periods varying from 10 to» 30 days. 
The treatment caused an increase in the length and diameter of the uterus, the 
musculature was hypertrophied — ^the circular layer being more affected than the 
longitudinal — and the individual muscle cells were enlarged. 

Loeb, Suntzeff & Burns (1939) say that in normal mice there is an increasing 
deposit of collagen in the stroma of the vagina and uterus with advancing age. 
The increase begins in infancy, does not advance much during sexual life and 
progresses later. The administration of oestrin over long periods enhances, they 
say, this deposit of collagen. 

The following examples of hyperplasia of the uterine stroma induced by 
oestrogens maybe correlated with general hypertrophic fibrosis and fibromyomata 
of the uterus in women. 

(z) Fibromyomata. Discrete fibromyomata were produced in none of the 
laboratory experiments quoted above except Lacassagne^s. Differences in the 
reactions to oestrin by different species are probably accountable for this. Nelson 
(19376, 1939) was able to induce fibromyomata of the uterus in guinea-pigs by 
means of oestrogen. He used thirty-two guinea-pigs and treated them with 
oestrogen for periods varying from 2 to 10 months, and in six of these animals 
discrete fibromyomata appeared in the uterus — four after injections of oestrone 
and tw^o after oestradiol. Associated with the tumours was an adenomatous 
hyperplasia of the endometrium with metaplasia of the crypts. In guinea-pigs 
less intensively treated, cystic glandular hyperplasia and metaplasia were regu- 
larly present in the uterus. Moricard & Cauchoix (1938) gave weekly doses of 
oestradiol benzoate to guinea-pigs for periods up to 32 weeks, the total dose 
during this period being 160 mg. After 4 months of this treatment uterine 
fibromyomata were constantly present. Lipschiitz & Iglesias (1938) obtained 
similar results in guinea-pigs with oestradiol; the uterine tumours so produced 
were fibromata or fibromyomata. 
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In further experiments (Vargas & Lipschiitz, 1938) it was found that small 
fibroid or fibromyomatous tumours might develop elsewhere than in the uterus 
under the influence of oestrogens. Ten guinea-pigs were spayed and to each was 
given 3 times a week a subcutaneous injection of Soy of oestradiol benzoate. The 
animals were killed at the end of 2 to 4 months. In four of them multiple, small 
discrete subserous fibroid or fibromyomatous tumours were present scattered 
over the stomach, spleen, mesentery and parietal peritoneum. In none of these 
guinea-pigs was any tumour present in the uterus. Similar tumours followed the 
administration of oestrpne (Lipschiitz & Vargas, 1939). They were also produced 
in the same way in male guinea-pigs, whether castrated or not, though the 
growths were smaller and took longer to appear in males than in females (Koref, 
Lipschiitz & Vargas, 1939). Spaying accelerated their appearance. The dose of 
oestradiol or oestrone required to maintain the uterus when given 3 times a week 
in spayed guinea-pigs was only about one-thirtieth of that necessary for the pro- 
duction of fibromyomatous tumours (Lipschiitz, Rodriguez & Vargas, 1939). In 
castrated males the tumours showed a special tendency to appear at the site of 
ligation of the spermatic cord. The fibromata and fibromyomata occurring in these 
various experiments were mostly subserous and were widely distributed over 
most of the abdominal organs, including the stomach, spleen, pancreas, liver, 
kidney, urinary bladder, omentum, mesentery, abdominal wall, diaphragm, 
uterus and oviducts. Occasionally similar tumours appeared within the stroma 
or in the submucosa of the uterus (Lipschiitz, Iglesias & Vargas, 1940). 

Perloff & Kurzrok (1941) implanted small pellets of oestradiol benzoate in the 
uterus, and by this means induced the formation of fibromyomata at the treated 
site in nine of twelve guinea-pigs in the course of periods ranging from 32 to 150 
days. 

It is of interest to note that the fibromyomatous tumours regressed when the 
administration of oestrogen ceased (Lipschiitz, Iglesias & Vargas, 1939). 

Stilboestrol appeared to be more potent than oestradiol or oestrone to produce 
fibromyomata. Lipschiitz & Vargas (1940) say that 1007 given subcutaneously 
3 times a week for 3 months will produce tumours in guinea-pigs. 

The fact that oestradiol benzoate produced fibromyomata more readily in cas- 
trated than in non- castrated guinea-pigs led Lipschiitz to inquire whether pro- 
gestin or androgen might afford some protection against this tumour-producing 
effect of oestrogens. It was found (Lipschiitz, Murillo & Vargas, 1940) that when 
given in a proportion by weight of 150 : i progesterone prevented the formation 
of fibromyomata under the influence of oestradiol. A similar preventive action 
against oestradiol monobenzoate was obtained (Lipschiitz, Vargas & Ruz, 1939) 
by testosterone propionate when given in a proportion of 22 : i, but not when 
given in a proportion of 13 : i. 

Lipschiitz, Vargas & Palma (1941) state that although the fibroid tumours of the 
peritoneum induced in guinea-pigs by stilboestrol, hexoestrol or oestradiol are of 
similar character in males and females, larger doses are required to produce the 
same result, as measured by the size of the tumours, in males than in females. 
Furthermore, this difference in response is not attributable to the gonads because 
the same difference is seen between the two sexes after gonadectomy, Jedlicky, 
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Lipschiitz & Vargas (1939), using oestradiol-caprylate, noted that to cause these 
fibrous tumours in male guinea-pigs the dosage required was about 8 times that 
which would produce a comparable effect in females. 

Observations made on women seem, so far as they go, to be in accord with 
some of the experimental work on animals which has just been recounted. Among 
466 cases of uterine hyperplasia in women, Tietze (1934) found in all in which 
histological control was possible, with one exception, large cystic, granulosa- 
bearing follicles in the ovaries. Their presence suggests that the patients were 
subject to excessive supplies of oestrogen. Witherspoon (1933, 1935^,^) studied 
forty-four women with endometrial hyperplasia. In none of them was an uterine 
fibroid discovered. In twenty of the patients a laparotomy was performed and the 
absence of fibroid tumours was verified ; in all the cases multiple follicular cysts 
were seen in the ovaries. After an average period of nearly 5 years every one of 
these patients returned for operation on account of multiple fibroid tumours of 
the uterus. Such an experience supports the view that oestrogen is the cause of 
endometriosis and fibroid tumours in women. 

It might be possible to collect many clinical records which bear on this theme, 
but for the present one more must suffice. Novak (1934^) describes the case of a 
woman who suffered from a so-called granulosa-cell tumour of the ovary. In 
addition to this oestrogen-producing tumour she had an enlarged uterus con- 
taining a number of small fibromyomata together with endometrial hyperplasia. 

(j) Endometrial moles: deciduomata, Selye, Harlow & McKeown (1935) say 
that in rats deciduomata are not produced in response to uterine trauma after the 
8th day of pregnancy, but another kind of tumour forms which they describe as 
an ‘endometrial mole’. In twelve rats one uterine horn was slit on the 12th or 
13th day of gestation. Five days later a gelatinous tumour of the mucosa was 
present at the site of injury, resembling in appearance the connective tissue of a 
hydatidiform mole. They repeated the operation on other pregnant rats and there- 
after gave them daily subcutaneous injections of 307 of oestrone. This caused 
larger moles than those produced in the first experiment. By the same means 
large endometrial moles, but not deciduomata, were induced in lactating rats ; 
though the same procedure would cause deciduomata if no oestrogen were given. 
Selye, Harlow & McKeown conclude that endometrial moles result from uterine 
trauma under the combined influence of oestrone and progestin. Apparently the 
oestrogen must be in a larger proportion than is required for the production of 
deciduomata. In later experiments Selye & Friedman (1940) found that a similar 
condition could be caused in adult spayed rats by treating them with 1007 of 
oestradiol and 3 mg. of testosterone propionate or 3 mg. of ethinyltestosterone 
for 9 days and then injuring the uterus. They compare the appearance of 
the endometrial moles so produced with the so-called myxomatous condition of 
the turgid cock’s comb, the mucoid stroma of the sex-skin of monkeys which have 
been treated with oestrin, the mucoid condition of the stroma around the ejacu- 
latory ducts of mice which have been subjected to oestrogen and to the same con- 
dition of the stroma surrounding the cloaca in the breeding season in the lamprey 
and triton. A feature of all these conditions appears to be an excessive local reten- 
tion of water. 
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A lesion which seems to resemble that just described is found occasionally in 
women. This has been named ^stromatous endometriosis^ by Goodall {1939), who 
attributes the condition to the action of oestrogen. Of sixteen cases which have 
come under his observation with a diagnosis of uterine sarcoma, fourteen were 
examples of stromatous endometriosis. He describes this kind of tumour as a 
hyperplasia of the submucosal stroma which invades the surrounding tissues of 
the uterus and may spread along the broad ligaments, though it is not malignant. 

Brooksby (1938) gave 5007 of testosterone propionate daily for 5 day^ to 
normal, non-pregnant rats and injured the uteri after 5 days of such treatment. 
The injections were continued for a further 5 to 7 days and then the rats were 
killed. No deciduoma or endometrial mole had occurred in any. The experiment 
was repeated on four rats which had littered, the injections beginning on the ist 
day of lactation. The rats were killed on the loth day of the experiment when 
typical deciduomata were discovered in three, and an endometrial mole in the 
other. When contemplating the result of this experiment readers may be re- 
minded that parturition in the rat is followed almost immediately by oestrus, so 
that at this time there is a sudden copious production of oestrogen. From what 
has been already said it seems that the production of a deciduoma or of an endo- 
metrial mole in response to uterine trauma soon after parturition would depend 
upon the time the trauma was inflicted in relation to the postparturitional oestrus 
and the large output of oestrogen which accompanies it. 

Dijfering effects of oestrogen on the uterus when given continuously or with 
intermissions. According to Lipschiitz, Rodriguez & Vargas (1941) the effects 
on the uterus of a given total dose of oestrogen spread over a relatively long period 
of time are much greater if it is given 3 times a week continuously, than if it is 
given in larger doses for a week followed by an interval of i or 2 weeks when no 
hormone is given. This observation applied to the induction of general enlarge- 
ment of the uterus, adenomatosis, formation of polyps and fibromyomata. 

{k) Inhibition of the oestrous cycle. As already mentioned (p. 51), oestrogens 
inhibit the gonadotrophic activity of the pituitary. As the oestral changes depend 
upon the varying activity of the pituitary in forming gonadotrophin, they will be 
arrested so long as there is an abundant supply of oestrogen. 

(/) Uterine bleeding following the cessation or diminution of supplies of oestrogen. 
Surgeons have long known that removal of both ovaries may be followed a few 
days later by a brief period of bleeding from the uterus. The result is attributable 
to the loss of something which the ovary supplied. The two chief hormones pro- 
vided by the ovary are oestrogen and progestin, and experiments show that a 
more or less sudden deprivation or diminution of either of these hormones after 
they have been in ample supply will lead to uterine bleeding. 

Another fact to be considered is that the periodical bleeding known as men- 
struation, which occurs only in the primates, can be prevented by the continual 
administration in sufficient quantity of either oestrogen or progestin. Experi- 
ments which illustrate these phenomena are as follows : 

Allen (1928 a, b) spayed twelve rhesus monkeys. In nine of these the operation 
was followed 3 to 6 days later by uterine bleeding. Of the remaining three in 
which bleeding did not follow, one was old and the other two were immature. 
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That the uterine bleeding which follows removal of the ovaries is the consequence 
of stopping the supply of oestrogen was shown by Hartman (1940), who was able 
to prevent the uterine bleeding after spaying a rhesus monkey by the subcut- 
aneous implantation of 3 mg. of oestrone. 

Allen (1928 a) observed that if spayed monkeys were treated continuously with 
oestrogen for a considerable time, bleeding from the uterus ensued soon after the 
treatment had been stopped. The oestrogenic extracts used in his experiments had 
been obtained from human placenta and sows’ liquor folliculi. A similar reaction 
of the uterus after the cessation of treatment with oestrogen can be obtained, 
Allen states (1937), with infantile monkeys. Allen’s observations on the monkey 
have been confirmed by others (Robertson, Maddux & Allen, 1930 ; Van Wagenen 
& Aberle, 1931 ; Comer, 1935; Hisaw, 1935 ; Zuckerman, 1936; and Engle, 1937). 
Engle & Crafts (1939) gave by the mouth a single tablet containing i or 2 mg. of 
ethinyl oestradiol to three spayed rhesus monkeys in all of which uterine bleeding 
occurred 18 to 20 days later. It was found also that single doses of diethyl- 
stilboestrol given orally or by intramuscular injection in amounts ranging from 
I to 200 mg. caused uterine bleeding in spayed rhesus monkeys; the interval 
between giving diethylstilboestrol and the onset of bleeding was about the same 
whether small or large doses had been given. 

To cause uterine bleeding the complete withholding of oestrogen is not neces- 
sary; a mere reduction of the supply is sufficient. Zuckerman (1937 c) gave to 
spayed rhesus monkeys daily doses of oestrone gradually increasing from 400 to 
5,000 i.u. On the isth day the doses were reduced to between 50 and 300 i.u., 
and continued at the new low level; under these conditions uterine bleeding 
followed the reduction of the dosage. 

Zondek (19406) states that in rabbits a single intravenous injection of 500 - 
750 i.u. of oestrone will be followed after 4 or 5 days by uterine bleeding. 
Gonadotrophin given intravenously to immature rabbits, 100 r.u. being ad- 
ministered daily for 5 days, also will induce bleeding after the injections have been 
withheld. This result can be attributed to stimulation by gonadotrophin of the 
immature ovaries to produce oestrogen; for the response does not follow in 
spayed rabbits. 

Uterine bleeding after the withdrawal of oestrogen occurs in women. Werner 
& Collier (1933) treated each of five spayed women, between 21 and 38 years of 
age, by intramuscular injections of oestrone. Daily doses of 200 r.u. were given 
during the first 4 weeks, 300 r.u. during the next similar period, and 400 r.u. 
during the last 4 weeks. Uterine bleeding occurred while the injections were 
being continued and also after their cessation. The effects on the uterus included 
enlargement and branching of the glands and a general increase in the thickness 
of the endometrium. Elden (1936) gave 10,000 r.u. of oestradiol benzoate twice a 
week to five spayed women until a total of 50,000 r.u. had been given; the treat- 
ment was then stopped. A week later uterine bleeding occurred in all. The treat- 
ment was repeated and 4 days after the last dose of oestrogen five daily doses of 
10 r.u. of progestin were given. The latter procedure caused a delay in the ap- 
pearance of uterine bleeding but did not prevent it. Bishop (1938) also observed 
in a girl of 20, both of whose ovaries had been removed, that when a course of 
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treatment with oestrogen was stopped uterine bleeding ensued after an inter\^al 
of days provided that the dosage had been sufficiently large. 

Jones & MacGregor (1936) treated ten women who were past the menopause 
with oestradiol, six receiving 1,500,000 m.u. in 20 days. In seven of the ten women 
uterine bleeding followed cessation of the injections. 

To refer to the loss of blood from the uterus after treatment with oestrogen has 
been stopped as ‘menstruation’ would be erroneous. As shown elsewhere the 
main fall in the natural output of oestrogen occurs near the middle of the oestrous 
cycle and not just before menstruation (p. 264). Uterine bleeding rarely follows 
this mid-menstrual fall in oestrogen production because it is prevented by proge- 
sterone. As the output of oestrogen by the ovary falls that of progesterone rises. 
It is the later drop in the supply of progesterone consequent on degeneration of 
the corpus luteum that causes the bleeding of menstruation. Removal of a corpus 
luteum is followed in women by uterine bleeding (Whitehouse, 1926). 

Maintenance of cyclical uterine bleeding in the spayed monkey by oestrogen. In 
contrast with the results just quoted, Colmer (1935) found that by continued daily 
injections of small amounts of oestrone periodical uterine bleeding resembling 
that of menstruation could be caused in the spayed monkey. 

Menstrual bleeding. When supplied continuously in large enough amount 
oestrogen will prevent menstruation. Comer (1935) gave 15 to 90 r.u. of oestrone 
benzoate daily by subcutaneous injection to a number of female rhesus monkeys. 
This treatment did not prevent the first menstrual bleeding but the second bleed- 
ing was delayed for 2 to 8 weeks beyond the expected time. Zuckerman (1936) 
finds that daily doses of 250-1,000 r.u. of oestrone will inhibit the next menstrua- 
tion in the rhesus monkey only if given before ovulation. If the injections are 
given after ovulation when a corpus luteum has already formed menstruation will 
occur at the expected time in spite of oestrone. After this by a long continued 
administration of oestrone menstruation may be perpetually inhibited. 

The same effect can be brought about in women. Bowman & Bender (1932) 
were able to arrest completely the menses in women by the daily administration 
of between 20 and 80 “units” of oestrone given hypodermically or by vaginal 
pessary. 

(m) Influence of oestrogen on nidation of ova, gestation and parturition. Proge- 
stational changes: nidation of ova. The role of oestrogens in preparing the uterus 
for nidation of fertilized ova will be discussed in a later chapter (pp. 415, 426). 
Briefly it may be said that the progestational changes in the uterus necessarv^ for 
nidation are caused by progesterone and that this action only takes place in a uterus 
which is still under the influence of an earlier dosage with oestrogen. In other 
words nidation cannot occur unless the uterus has been prepared by oestrogen. 

Prevention of pregnancy: abortion: death of foetuses. Although a preliminary 
subjection of the uterus to oestrogen is essential for the progestational changes 
which lead to nidation of ova, pregnancy will follow only if the supply of oestrogen 
ceases or is much reduced. Parkes & Bellerby (1926) noticed that, with mice, 
injections of oestrin early in gestation always terminated pregnancy. In the later 
stages, too, death of the foetuses occurred if large enough doses were given. More 
than twice as much oestrin, they say, is required in mice to produce abortion 
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toward the end of pregnancy as at the beginning. Courrier & Kehl (1931) in- 
vestigated the effects of oestrin on the progestational developments in the uterus 
which follow coitus in the rabbit. For this purpose 300 to 800 r.u. of oestrin were 
given during the period from the 4th to the 8th day after coitus. These doses 
completely arrested progestational changes in the endometrium; the uterus be- 
came thickened and violet in colour, its mucosa became oedematous and 
haemorrhagic, and bloodstained fluid collected in the lumen. Such effects of 
oestrin on the uterus were produced only when corpora lutea were present and 
progestational changes were already in progress. By later experiments (1932, 
1933 <2, b) on the rabbit Courrier & Kehl showed that 20 r.u. of oestrin given on 
each of the first 4 days after coitus merely postponed progestational changes, a 
normal dentelle formation taking place eventually. This dose was enough to pre- 
vent nidation of ova and conception. Larger doses — 300 r.u. spread over the 
same period — entirely suppressed progestational developments in the uterus. 
If 20 r.u. of oestrin were given on the 4th, 5th, 6th and 7th days after coitus no 
interference with gestation followed; the same doses given on the 12th, 13th, 
1 6th and 17th days caused abortion (see also W. M. Allen, 1937). 

Kelly (1931) gave total doses ranging from 10 to 120 r.u. spread over 6 days to 
guinea-pigs, beginning the injections just after copulation. In every instance 
these doses prevented conception. In animals pregnant for 12 to 17 days, total 
doses of 75 to 150 r.u. given in six daily fractions caused abortion. Larger 
amounts at later stages of pregnancy invariably caused death of the foetuses, with 
degenerative changes in the placentas. The corpora lutea appeared to be un- 
affected. Kelly states that more oestrin is required to produce abortion toward 
the end than in the early stages of gestation. 

D'Amour, D'Amour & Gustavson (1933) found that daily doses of 15 r.u. of 
oestrin given to rabbits after copulation prevented pregnancy. Larger doses — 
200 r.u. a day — given between the 15th and 25th days of gestation put an end to 
pregnancy. Hain (1935^), using rats, found, as Parkes & Bellerby had done with 
mice, that as gestation advances increasing doses of oestrin are required to termi- 
nate pregnancy. The administration is not followed immediately by abortion, 
which means that the termination of pregnancy is not caused by the action of 
oestrin on the muscular mechanism of parturition. The abortion appears to be 
secondary to the deaths of the foetuses and this is probably caused by injury fo 
their placentae. 

The prevention by oestrogen of pregnancy in women and its termination if 
gestation has been already established are well known to the modern clinician as 
practical measures. Indeed the induction of abortion in women by oestrogen 
appears to have been a recognized therapeutic resource in medieval times. 
Schmidt (1942) says that in Ortus Sanitatis, a pharmacopoeia by an unknown 
author published in 1494, it is stated that the residue from the evaporated urine 
of horses will cause pregnant women to abort. It will be recalled (p. 105) that the 
stallion’s urine contains a very high concentration of oestrogen (Zondek, 1934^). 

Further references to the effect of oestrin on progestational changes in the 
uterus and on the development of the placenta will be found in the pages which 
deal with the action of progestin (pp. 415, 426). 
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{n) The influence of oestrogen on the muscular activity of the uterus. In the 
experiments mentioned above the termination of pregnancy by oestrogen can be 
attributed largely, it seems, to an interference with the well-being of the placenta. 
There is another way in which oestrogens might affect the duration of gestation, 
namely by increasing the activity of the uterine muscle. 

Brouha & Simonnet (1926, 1927), using rats and guinea-pigs, tested the effect 
of follicular fluid on the movements of the uterus in vitro. The uterus to be tested 
was excised and placed in Ringer solution at 37^. Follicular fluid, taken by 
puncture direct from the follicles of a mare’s ovary, was added to the Ringer 
solution. If the uterus was motionless at the time, this addition caused it to 
undergo regular rhythmic contractions; if rhythmic contractions were present 
already their amplitude was increased. Bourne & Burn (1928) reported that 
oestrin increased the response of the guinea-pig’s uterus to pituitrin in vitro. 

Reynolds (1931) investigated the activity of the rabbit’s uterus in vivo by 
means of a uterine fistula through the opening of which a rubber bag was in- 
serted and connected with a recording apparatus. He noted that after spaying 
there was a complete loss of spontaneous uterine movement and that restoration 
of motility in these circumstances could be effected by giving oestrone, 20 r.u. 
per kg. of bodyweight being the minimal effective dose. 

Jeffcoate (1932) reported that when doing the Aschheim-Zondek pregnancy 
test on mice, he noticed occasionally an abnormal result, the test mice showing 
responses which could be attributed to an excessive supply of oestrogen. The 
patients whose urine gave this reaction almost invariably aborted. He obtained 
similar responses when the A-Z test was done with urine from women in the first 
stage of labour. It seems possible from these experiences that an excess of oestrogen 
may have influenced the activity of the uterus and so caused abortion or parturi- 
tion according to the stage of gestation at which the excess of oestrogen appeared. 

Robson (1933 <2) demonstrated that oestrone amplifies the reaction of the uterus 
to oxytocin in vitro besides increasing its spontaneous activity in vivo. 

It seems probable from the observations just quoted that parturition depends 
largely on a change in the balance between the available progesterone and oestro- 
gen, Smith, Smith & Pincus (1938), having noted the output of oestrogen and 
progesterone throughout pregnancy, point out that the total urinary excretion of 
oestrogen rises until a few days before parturition. If, however, the excretion of 
oestrone and ©estriol are separately estimated, it appears that the output of 
oestrone rises right up to delivery with a sharp rise immediately before the event, 
whereas the excretion of the less potent oestriol rises continuously until a few 
days before parturition and then shows a sudden fall. Thus the output of oestro- 
gen, as measured by its potency, seems to be greatest at the time of delivery. 

Oestrone sensitizes the uterus to preparations of ergot. Reisel (1936), using 
rabbits, observed the uterine responses through an abdominal window. In this 
way he found that one-eighth of the normal threshold dose of ergometrin 
chloride would cause a reaction in the uterus of a rabbit if oestrone had been 
given beforehand. The uterus was sensitized by oestrone also, though in a 
slighter degree, to ergotamin tartrate and the extractum ergotae liquidum of the 
British Pharmacopoeia. 
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Progestin inhibits the stimulating action of oestrogen on the uterine responsiveness 
to pituitrin and oxytocin. The experiments by which Knaus and others demon- 
strated the inhibitory effect of progestin on the reaction of the uterus to pituitrin 
and oxytocin will be discussed later. 

Paradoxical as it may seem (Robson, 1933 A), the presence of oestrogen has been 
found to be essential for the inhibitory effect of progestin on the uterine response 
to oxytocin. 

Robson (1935^2) states that oestrin increases the reactivity of the uterus to 
oxytocin in the hypophysectomized as in the normal rabbit; he says also that the 
stimulating effect of oestrin on spontaneous uterine contractions is the same in 
vitro and in vivOy though the inhibitory action of progestin is seen only in vivo. 

From its stimulating action on the uterine musculature it might be supposed 
that the administration of oestrone would accelerate the onset of parturition. 
Hain (1935 a, 5 ) did not find such an effect in rats, though oestrone was apt to 
cause death of the foetuses. Sager & Leonard (1936) watched the movements of 
the uterus in spayed and non-spayed rabbits by means of uterine fistulae and 
found that a gonadotrophic extract (‘Follutein') prepared from pregnancy urine 
inhibited uterine motility and that oestrin prevented this inhibitory action. 

The effect of oestrogen on the response of the uterus to adrenaline. Dale (1906) 
showed that the pregnant cat’s uterus contracts in response to adrenaline, whereas 
the non-gravid uterus responds by relaxation. Handovsky & Daels (1937, 1938) 
found that this altered response does not occur in the earliest stage of gestation 
in the cat, being observed only when the embryos are more than 2 cm. long. It 
had been suggested that the inverted response during pregnancy was dependent 
on the presence of corpora lutea, but Handovsky & Daels found that it could be 
brought about by oestrogen provided that large enough doses were given and 
sufficient time was allowed. With the dose spread over 15 days, 30,100 i.u. of 
oestradiol caused an inverted response of the non-gravid cat’s uterus to adrenaline. 

Daels & Heymans (1938) state that in the dog and cat the action on the uterus 
of the drug piperidomethyl-a-benzodioxane is determined by the presence of 
oestrogen and progestin, as is the case with adrenaline. Their tests were performed 
in vivo and the results are shown in Table 148. 

Table 148. The effect of oestrogen and progestin on the uterine reaction to 

piperidomethyl-oc-benzodioxane and adrenaline in the cat and dog (Daels & 

Heymans, 1938) 

Drug and reaction of uterus 

Piperidomethyl-a- 

Condition of animal Adrenaline benzodioxane 

Normal, in follicular stage Relaxation Contraction 

Normal, in luteal stage Relaxation Contraction 

Prepared by large doses of oestrin Contraction Contraction 

Prepared by large doses of progestin Contraction Relaxation 

In performing tests of this kind it will perhaps be advisable to distinguish be- 
tween the reactions of the cervix and those of the body or cornua of the uterus. 
Newton (1934) noticed that in the goat the responses of these two parts of the 
uterine musculature to oxytocin and adrenaline do not correspond. 
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Distension of the Bladder and Hydronephrosis 
CAUSED BY Oestrogen 

As a supplement to the effects of oestrogen on the neuromuscular apparatus of the 
uterus, a short reference may be made here to the influence which oestrogen may 
perhaps have on the vital mechanisms of urination. 

Among the earliest occasional abnormalities reported in mice as a consequence 
of giving overdoses of oestrone were distension of the urinary bladder and hydro- 
nephrosis (Lacassagne, 1933 <2; Burrows & Kennaway, 1934). These results are 
seen both in female and male mice, and though various writers have attributed 
them to mechanical obstruction of the outflow of urine the writer has been unable 
to discover any such obstruction to account for the condition either in male or 
female mice. It has seemed to him that the failure to void urine must be attributed 
to some affection of the neuromuscular apparatus of urination. These observa- 
tions on mice recall the ureteral dilatation which commonly occurs in women 
during the earlier stages of pregnancy, for it seems conceivable that the cause may 
be the same, or nearly so, in the two instances. Every attempt to demonstrate some 
mechanical obstacle to the outflow of urine in pregnant women has failed, and it 
seems to the writer that Kidd (1920) was probably correct when he suggested that 
the dilatation of the ureters in pregnant women may be caused by chemical 
substances present in the blood during gestation. 

It maybe perhaps that the ureteral dilatation in pregnancy, like the irresponsive- 
ness of the uterine muscle to pituitrin during gestation, is caused by the combined 
action of oestrogen and progesterone. Recent work by Hundley, Diehl and Diggs 
(1942) encourages such a supposition. They found that 2 mg. of stilboestrol given 
twice daily for 10 weeks to a non-pregnant woman caused an increase of tone with 
more vigorous peristalsis in the ureters, whereas intramuscular injections of 
progesterone caused a reduction of the ureteral tone. In the absence of further 
data it would hardly be profitable to discuss the matter at length in the present 
essay, which is devoted to fact rather than theory. Some hypothetical aspects of 
the subject, correlated with objective findings in mice and in women have been 
briefly summarized elsewhere by the author (Burrows, 1936^) with special 
reference to pyelitis occurring in pregnancy. 



Chapter XVI I . The Effects of Oestrogen on the Mamina 

Stroma. Nipple. Mammary Ducts and Acini. Lactation. 

The Stroma 

Few observations have been reported concerning the action of gonadal hormones 
on the mammary stroma. Perhaps the local deposition of fat and the increased 
connective tissue framework of the breast characteristic of sexual activity in 
women is directly caused by the extending glandular structures, and is not an 
independent reaction to gonadal hormones. However, if the glandular tissue 
grows in response to stimulation by gonadal hormones in normal circumstances, 
the stroma also grows. Folley, Scott Watson & Bottomley (1941 a) noticed some 
enlargement of the udder in immature castrated male goats which had been sub- 
mitted to a prolonged administration of diethylstilboestrol or its dipropionate, 
but there is no evidence to show whether this enlargement was merely secondary 
to the increased growth of mammary ducts or not. 

Ingleby (1942) has noticed changes in the mammary stroma during the oestral 
cycle in women, the periductal connective tissue becoming more transparent and 
apparently oedematous during the second half of the cycle. Possibly this is an 
effect of progesterone alone or in co-operation with oestrogen. 

The Nipple 

Steinach & Holzknecht (1916) implanted ovaries taken from littermates into 
castrated male guinea-pigs and rats. One consequence was a pronounced enlarge- 
ment of the nipples. Lipschiitz & Ttitso (1925) confirmed this effect in guinea- 
pigs and repeated the experiment on rats with the same result. In rats hyper- 
trophy of the nipples was noticed 9 days after the grafting and they grew to as 
much as 6 mm. in length. Kunde, D’Amour, Gustavson & Carlson (1930) gave 
injections of oestrin in daily doses ranging from 25 to 800 r.u. to immature dogs of 
which one was a male and three were females. The injections caused enlargement 
of the nipples in each of the animals. The reaction was definite and pronounced. 
Moricard (1934) gave i mg. of oestrin divided into two doses to three immature 
guinea-pigs weighing 130, *140 and 145 g., and killed them at the looth hour. 
Their nipples at this time were 4 times the length normal for their age. Nelson 
(1936^), in a review of the hormone control of the mamma, says that in males and 
spayed females of all species tested oestrogen induces growth of the nipples. 

This effect is not confined to the natural oestrogens. Bottomley & Folley (1938 «) 
gave daily doses of 10 mg. of ‘anoF, an artificially produced oestrogenic com- 
pound (Dodds & Lawson, 1937), to guinea-pigs, with the result that the nipples 
became more than 3 times the length of those in untreated control guinea-pigs. 
(Campbell, Dodds & Lawson (1938) have shown later that the active factor in 
the preparation used was not anol but hexoestrol.) 

The amount of teat growth is not proportional to the amount of oestrogen 
supplied, except perhaps within narrow limits; a maximal growth of the teats 
follows a certain limited dosage and any increase of oestrogen beyond this amount 
will have no further effect in causing enlargement of the nipple. Lewis & Turner 
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(1942) gave 0‘iy of diethylstilboestrol in oil daily to normal male guinea-pigs for 
20 days, with the result that their nipples were zi times as long as those of 
controls. No greater increase of nipple growth was induced by larger doses 
of diethylstilboestrol. 

Folley & Bottomley (1941 ; see also FoIIey, Scott Watson & Bottomley, 1941 a) 
observed during experiments on the goat that the effect of oestrogen in stimu- 
lating growth of the nipples can be inhibited by progesterone (p. 430). 

The epidermis of the nipple seems particularly sensitive to oestrogen. Uehlinger, 
Jadassohn & Fiertz (1941), using the colchicine technique, could discover only a 
very few mitoses in the epidermis of the nipples of untreated male guinea-pigs. 
If, however, male guinea-pigs had been treated with oestrone for some days and 
given an injection of colchicine qi hours before death, abundant mitoses w^ere 
seen in the epidermis of the nipples, which was 4 to 5 times as thick as that of 
control animals which had not received oestrone. 

There is evidence which suggests that the existence of the nipples may depend 
upon a supply of oestrogen. Greene, Burrill & Ivy (193 Sc, 1939^) oestradiol 

dipropionate in doses ranging from 0-375 4 14th and 

15th days of pregnancy. Nineteen rats so treated carried to full term and among 
the litters were 24 males. In 14 of these, nipples were visible at birth, which is not 
the case with normal newborn male rats. Similar results followed the administra- 
tion of diethylstilboestrol, in amounts varying from 12 to 42 mg., to pregnant 
rats. Nipples were present at birth in all the eighteen males bom of the mothers 
so treated. Raynaud (19*39^2), also, observed that the administration of equilin or 
oestradiol to pregnant mice was followed by the development and enlargement of 
the nipples in the newborn males. The last pair of inguinal nipples were the most 
enlarged and sometimes were the only ones present. The next in order of suscepti- 
bility were the pectoral nipples. No nipples can be detected in male mice in 
normal circumstances. 

According to Lyons & Pencharz (1936) the effect of oestrone on the growth of 
the nipples occurs even after hypophysectomy. They removed the pituitaries from 
male guinea-pigs and then gave them repeated injections of oestrone (‘Progroon’) 
for a month, during which period each guinea-pig received a total of 1,800 r.u. of 
oestrone. Ax the end of this time the nipples of the hypophysectomized animals 
had grown equally with those of control guinea-pigs which had undergone the 
same treatment except that they had not been deprived of their pituitaries. 
Gomez & Turner ( 1936 observed the same effects. They removed the pituitaries 
from nine young guinea-pigs of which four were males and five were females. 
Immediately after the operation daily injections of oestrone or oestradiol were 
begun, the doses ranging from 25 to 1,000 i.u. At the end of periods varying from 
20 to 65 days the animals were killed, and it was found that in all the nipples were 
well developed, whereas no growth of ducts had taken place in the mamma. 
A different result was obtained by Samuels, Reinecke & Petersen (1941) in rats, 
for in these 1,000 i.u. of oestradiol benzoate given every other day for a month 
failed to cause any growth of the nipples after removal of the pituitary. 

When considering this subject it is of interest to recall that the nipples respond 
most readily to an oestrogen if it is applied directly to them. 
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It might be well to mention here that oestrogens are not the only hormones 
which cause the nipple to enlarge. The same effect has been brought about in 
male guinea-pigs by several androgens, and by adrenosterone and corticosterone 
also (Jadassohn, Uehlinger & Margot, 1938) (pp. 229, 452), 

The Mammary Gland 

Heape (1906) noticed a close association between the primary development of 
the mamma with prooestrum. This observation led him to attribute the early 
stages of mammary growth to some substance secreted by the ovary at this stage 
of the oestrous cycle. Marshall (1910) extended our knowledge by noting that the 
formation of corpora lutea is accompanied by events which differ from those 
occurring at prooestrum; he was thus able to infer that the ovary forms two 
different kinds of secretion each of which corresponds with a particular stage 
of follicular evolution. 

It is now generally recognized that during each oestrous cycle changes occur in 
the mamma in response to the output of hormones from the ovaries. In women 
there is apt to be some fullness of the mammae, perhaps with discomfort or even 
pain, in the second half of the oestrous cycle. These happenings may be attributed 
largely to hyperaemia of the breast and distension of the mammary ducts by 
secretion, such effects being due to the combined actions of oestrogen and pro- 
gestin derived from a young corpus luteum. Astwood, Geschickter and Rausch 
(1937) observed in the rat that during prooestrus and oestrus the mammary ducts 
were narrow and empty whereas at metoestrus the ducts were distended with fluid. 
Doubtless progesterone shares in the production of these changes. The general 
effect of ovarian secretion on the breast was tested experimentally by Steinach 
and Holzknecht (1916), who grafted the ovaries of guinea-pigs into the kidneys of 
castrated male littermates ; after this operation the nipples and mammae became 
enlarged, milk formed and the guinea-pigs, though male, were able to suckle 
young and showed an inclination to do so. Lipschutz & Tiitso (1925) carried out 
similar experiments on guinea-pigs and rats and obtained results like those of 
Steinach & Holzknecht. Vintemberger (1925) gave repeated injections of fol- 
licular fluid obtained from cows into male and female rabbits and so induced an 
increased size of the mammae in both sexes. Hartman, Dupre & Allen (1926) 
observed a similar result in the opossum, and Loeb & Kountz (1928) in the 
guinea-pig. Allen (1927) reported that injections of oestrin caused extensive 
development of the mammary ducts in ovariectomized rhesus monkeys. 

A detailed inquiry into the matter was carried out by Goormaghtigh & 
Amerlinck (1930), who treated female mice by daily subcutaneous injections of 
an extract prepared from the liquor folliculi of sows' ovaries. The injections were 
continued during several months, each dose containing 6 r.u. of oestrogen. This 
treatment caused a considerable growth of the mammary ducts, so that the area 
occupied by each mamma was much increased. Sometimes the ducts w^hen 
actively proliferating appeared as solid cords; in other examples they were 
dilated, and occasionally they showed a condition comparable with the so-called 
chronic cystic mastitis of human pathology. It was noted that the changes were 
not equally distributed throughout the mammae ; one part of a gland might appear 
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unaffected or nearly so, while another part was markedly changed. Occasionally 
there were adenomatous formations visible to the naked eye, and in one instance 
mammary cancer developed. 

Similar results in mice have been brought about by pure oestrogens (Burrows, 
^ 935 ^)* most of these studies the male mouse has been used so as to eliminate 

interference with the results through ovarian activity. 

The mamma of the normal male mouse consists only of a few short vestigial 
ducts, and the changes induced in this vestigial structure and in the mammae 
of females by oestrogen are as follows : 

Mammary Ducts and Acini 

(a) Proliferation and ramification of ducts. The chief early effect of oestrone 
on the mamma is an extension and ramification of the ducts with the occasional 
development of a few small lobules of alveolar tissue (Allen, 1928^; Turner, 
Frank, Gardner, Schultze & Gomez, 1932; Turner & Gomez, 1934; Gardner, 
Diddle, Allen & Strong, 1934, and others). The growing ends of the ducts are 
formed of solid cords, lumina appearing only at a later stage. 

These changes produced by oestrogen in the mouse’s mamma represent a 
general biological phenomenon, although variations of detail are noticeable in 
different species, and even among different individuals of the same species. The 
chief variation concerns the development of alveolar lobules, a subject that will 
be discussed presently. 

Gardner, Smith & Strong (1935) reported that large doses of oestrone benzoate 
given to mice once a week caused only a stunted development of the mammary 
duct system as compared with that in mice whjch had received small amounts of 
oestrone daily; in this case the stunted ducts were distended with secretion and 
numerous alveoli were present. 

(h) Dilatation of ducts: cystic mastopathy. An early effect of oestrogen is dilata- 
tion of the ducts. With continued treatment the dilatation may increase and cause 
cysts as in the so-called cystic mastitis in women, though as a rule there is no 
evidence of inflammation and so the term ‘mastitis’ would not be appropriate. 
The dilated ducts contain material which is stained pink by eosin and appears 
homogeneous. The cysts appear to be caused by a general increase in the length 
and diameter of the ducts causing tortuosity and kinking. The cystic cavities may 
be lined by a flattened, cuboidal or columnar epithelium, and it seems that a 
flattened epithelium is not necessarily the consequence of pressure ; for cysts or 
dilated ducts may be seen which, judging by their outline, are flaccid and yet have 
a flattened epithelium, whereas other apparently tense cysts may have a cuboidal 
or columnar epithelium. Hyperplasia of the epithelium in the dilated ducts and 
cysts is not uncommon after prolonged treatment with oestrogen. 

Similar changes have been induced by oestrin in the mammae of male monkeys 
by Geschickter, Lewis & Hartman (1934). They used two cebus monkeys which 
were treated by subcutaneous doses of 500 r.u. of oestrin (‘ Amniotin ’) for a period 
of 10 days, and five macacus monkeys which were treated in the same way for 
6 weeks with smaller daily doses. Though the effects were most pronounced in 
the latter series they were alike in character in all the seven individuals; the 
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mammae were enlarged, and showed, when examined microscopically, an in- 
creased length and dilatation of the ducts, an increase in the number of layers of 
epithelial cells lining them, and a proliferation of the periductal connective tissue. 

In untreated unmated adult female mice, very wide differences are to be seen 
in the number of mammary ducts present and their' calibre. Such differences 
depend partly on the stage of the oestrous cycle at which the mouse was killed. 
During oestrus the mammary ducts in mice become dilated, and, normally, return 
to their former thread-like dimensions during metoestrus (Cole, 1933). But this 
contraction is not always complete, and dilated ducts may be found in untreated 
female mice at all stages of the oestrous cycle. Among old unmated and untreated 
female mice great contrasts exist. In one the mammae may be represented by a 
few non-dilated ducts resembling in their form the vestigial ducts seen in the 
untreated male, while in another the ducts are numerous, dilated, and show here 
and there varying degrees of epithelial hyperplasia. 

(c) Increase of periductal fibrous tissue. Occasionally in mice which have been 
given oestrogen one sees an increase of periductal fibrous tissue, chiefly after 
prolonged treatment, but it is not a constant or pronounced feature. In the 
mouse, as compared with some other species including man, there is, speaking 
generally, little tendency toward the formation of bulky fibrous tissue. 

(d) Leucocytic infiltration around the ducts is sometimes seen, the majority of 
the invading cells being lymphocytes. The lymphocytic infiltration when present 
is not generalized, but appears in small localized regions only, and may involve 
only a small length of a single duct. 

(e) The development of acini is an occasional accompaniment rather than a 
characteristic effect of oestrogenic action on the mouse’s mamma, and when seen 
it is apt to be limited to one or more small clumps of ill-developed lobules. In 
exceptional instances there has been a copious development of acini throughout 
the whole breast, gynaecomastia being thus caused in males. It may be that the 
duration of treatment, the dosage used, the nature of the oestrogen employed, and 
the strain to which the treated mouse belongs have some influence in determining 
to what extent the acini are stimulated to grow. Gardner, Diddle, Allen & 
Strong (1934) compared the mammary response to oestrone in three different 
strains of mice (A, C^H, CBA), the former two having a high and the other a low 
incidence of spontaneous mammary cancer among the females. Between these 
three strains no difference was observed in the rate or extent of development of 
the mammary ducts, but Gardner, Smith & Strong (1935) found that in one strain 
of mice (C3H) oestrone benzoate in daily doses varying from i to 5 r.u. induced a 
localized excessive development of acini. A similar development was caused in 
other strains by oestrone if its administration was prolonged over many months. 
Bonser (1936) submitted spayed mice of two different strains (Bagg albino and 
Little’s Black agouti) to prolonged treatment with oestrone and oestrone benzoate 
and observed that the formation of acini was frequent in the Black agoutis and 
infrequent in the Bagg albino mice. Spontaneous mammary cancer is frequent 
among the normal females of the Bagg albino strain and rare among the Black 
agoutis. The relative incidence of acinous formation in these two strains under 
treatment with oestrone is displayed in Table 149. 
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Table 149. Incidence of acinous development in mammae of spayed female 

mice of two different strains under the influence of oestrogen (Bonser, 1936) 

Number of Number in which 
Strain of mice acini developed Percent 

Bagg albino 31 4 13 

Black agouti 33 zz 66*6 

The writer (Burrows, 1936^:), using stock mice of no special strain, found that 
whereas a o*oi per cent solution of oestrone caused an extension of the duct 
system with but little tendency to lobular formation, a o*i per cent solution of 
equilin and a 0*05 per cent solution of oestradiol caused a growth of lobules and 
acini with little extension of the mammary duct system ; in these experiments it 
was uncertain whether the differences in the results were due to the different 
doses and potencies of the oestrogens employed or to an essential distinction in 
their activity. In each experiment one drop of the solution was applied twice a 
week to the skin of the interscapular region. 

In the rabbit (Parkes, 1930; Gardner & Van Wagenen, 1938), the cat (Turner 
and De Moss, 1934) and the dog (Turner & Gomez, 1934) the main effect of 
oestrone, as in the mouse, is an extension of the duct sjrstem with but little ten- 
dency to the formation of acini. This is not the case with all species or with 
the same species on every occasion. Halpem & D’Amour (1934) gave daily in- 
jections of oestrin to normal adult male and female rats for a period of 7 weeks. 
The doses were 5 r.u. for the first 3 weeks and 20 r.u. for the last 4 weeks. The 
rats were killed 4 days after the last injection and all showed a development of 
acinous lobules with secretion. In the guinea-pig oestrone causes not only an 
extension of the duct system but a copious growth of acini too, and even lacta- 
tion (Laqueur, Borchardt, Dingemanse & de Jongh, 1928; de Jongh, Freud & 
Laqueur, 1930; Turner & Gomez, 1934). 

In male rhesus monkeys Folley, Guthkelch & Zuckerman (1939) obtained with 
oestrone only a growth of the mammary ducts, but Turner & Allen (1933) after 
giving injections of oestrone to adult male rhesus monkeys found a considerable 
growth of lobules in addition. 

There are reasons for thinking that oestrogens need the co-operation of 
progestin, androgen, or some other accessory factor to produce the full develop- 
ment of alveolar lobules in the breast, and that discrepancies in the results 
obtained with oestrogen alone may depend upon the presence or absence of the 
accessory factor, whether derived from the gonad, adrenal or elsewhere. 

Several workers have demonstrated that progesterone may be an important 
factor in the development of mammary acini, and it appears normally to co- 
operate with oestrogen in producing this eff’ect. As in so many other activities of 
the sex hormones a normal outcome depends upon the relative amounts of 
oestrogen and progesterone which are available. Lyons &: McGinty (1941) gave 
daily to four groups of immature male rabbits 0-25, i, 4 and 8 i.u. of progesterone 
respectively and all the rabbits received in addition daily doses of 120 i.u. of 
oestrone. After 18 days of such treatment the best development of ducts and 
acini was found in the rabbits which had received i i.u. of progesterone daily. 
The larger doses of progesterone checked the growth of the mammary ducts. 
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Scharf & Lyons (1941) determined that the optimum daily dose for the produc- 
tion of mammary ducts in their immature male rabbits was about 120 i.u. of 
oestrone daily. To six different groups they gave 30, 60, 120, 240, 480 and 960 i.u. 
of oestrone respectively on 5 days a week for 5 weeks and to all the rabbits i i.u. of 
progesterone was also given with each injection of oestrone. In all the rabbits 
lobular acinous growth occurred, without cystic dilatation of the ducts. The best 
development of ducts and alveoli was obtained in the animals which had received 
daily injections'of 240 i.u. or more of oestrone with i i.u. of progesterone. The 
mammae of these rabbits attained a condition almost equal to that seen in the 
2nd or 3rd week of pregnancy. 

Although, as shown in these experiments, the co-operation of oestrogen with 
progesterone appears to be the normal cause of full mammary development, some 
experiments suggest that progesterone alone, if supplied in large enough amount, 
may bring about a full development, of acini. Selye (1940^) spayed rats and 
9 days later began to inject them daily with 1 5 mg. of progesterone. After 1 5 days 
of treatment with these large doses the mammae were fully developed and the 
uteri showed progestational changes. 

Mixner & Turner (1941 i) observed that total doses of 12*5 to 20 mg. of pregne- 
ninolone (ethinyltestosterone) given during 10 days to female mice caused full 
development of manamary acini in every one of sixteen mice so treated ; but they 
found that a similar result could be achieved by smaller doses of pregneninolone 
(5 to 10 mg.) if oestrone (133 i.u.) were given at the same time. Mixner & Turner 
(1942) estimate that six times as much progesterone is needed to secure the same 
degree of acinous development in the mouse as will be required if oestrone is 
given too, although when supplied in excessive amounts oestrone will inhibit 
the action of progesterone in causing the development of mammary acini. 
Reece & Bivins (1942) obtained extensive growth of acini in the mammae of 
adult spayed rats by giving them 15 mg. of progesterone and 337 of oestradiol 
benzoate daily for 10 days. 

(/) Arrest of the development of mammary ducts. Apparently the stimulating 
action of oestrone on the growth of mammary ducts depends upon the dosage, 
for it has been noticed that large doses inhibit the growth of ducts. Astwood, 
Geschickter & Rausch (1937), experimenting with rats, found that the optimal 
daily dose of oestrone for mammary development was about 10 y; with larger 
doses the growth of the ducts was impeded. Gardner (1941) has made the same 
kind of observation on male mice in which excessive doses of oestradiol benzoate 
or dipropionate arrested the growth of the mammae almost completely. 

[g) Benign adenomata. No instance occurred in the author’s experiments on 
mice of well-defined, encapsuled fibroadenomata comparable with those occur- 
ring naturally in rats, dogs and women; though isolated clumps of acini were 
sometimes seen and might conceivably be regarded as adenomata. A failure to 
cause non-malignant mammary adenomata in mice by giving oestrogen seems to 
have been the usual experience in experiments of this kind. 

(//) Epithelial hyperplasia and metaplasia. In the writer’s experiments dilata- 
tion and hyperplasia were never seen in the mammary ducts of an untreated male 
mouse, though present in 40 per cent of the males which had been submitted to 
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continued treatment with oestrogen. Epithelial hyperplasia was of less frequent 
occurrence than dilatation of the ducts, and ensued later. The two conditions do 
not appear to advance at an equal rate as the experiment proceeds, and on looking 
through a number of microscope specimens the impression is acquired that to 
some extent the two conditions are independent; epithelial hyperplasia may be 
pronounced in those parts of a mamma which show relatively little dilatation of 
the ducts, while in the presence of extensive dilatation of ducts there may be but 
little hyperplasia of the epithelium. 

After the applications of oestrogen have been continued for a year or so a 
change may occur in areas of hyperplastic epithelium. The change consists in the 
appearance at several foci of larger cells, containing faintly staining c\i:oplasm 
with large, pale, vesicular nuclei and large nucleoli. These anaplastic-looking 
epithelial cells multiply and form small masses which replace the pre-existing 
type of epithelial cell, and represent, the writer believes, the initial stage of mam- 
mary cancer; illustrations of the condition are shown in his original paper 
(Burrows, 1935^). 

(i) The development of macroscopic cancer of the breast will be discussed in a 
separate chapter; meanwhile a few words noay be said about (i) the distribution 
of the reactions in the mamma to oestrogen, (2) the significance of cystic masto- 
pathia and (3) the share, if any, of the pituitary in causing the mammary reactions 
to oestrogen. 

(j) The distribution of the effects of oestrogen in the mamma. As noticed in the 
case of other organs oestrogens do not affect the breast tissues in an equal degree 
throughout the gland, nor can one observe an orderly progession of the responses 
spreading from a single focus. The reactions are patchy in both the time and 
distribution of their appearance, as recorded by Goormaghtigh & x\merlinck 
(1930) and confirmed by subsequent investigators. Even where obvious changes 
are present throughout all the mammary tissue visible in a single section, the 
nature of the lesions often varies in character and degree in different microscopic 
fields, and even in different parts of the same field. Dilatation may be more pro- 
nounced in one group of ducts than in another; epithelial hyperplasia may be 
advanced in one duct, whether cystic or not, and absent from other ducts in the 
same section. 

{k) Midtifocal origin of mammary cancer. The foregoing facts arc important 
in connection with the treatment of cancer. The surgeon is commonly taught that 
cancer in women is a unifocal disease, and operations for removal of the cancerous 
breast are designed on this notion. Is it correct ? Experience seems to justify the 
idea in practice though there is evidence (Cheatle, 1921; Nicholson, 1921) that 
cancer may be of multifocal origin even in women. In animals (mouse, rabbit, 
dog), separate primary tumours often are present simultaneously in different 
mammae or in different parts of the same mamma. 

Pybus & IMiller (1936) examined the mammarv" glands of 300 mice which had 
spontaneous cancer of the breast and they were able to detect every phase of 
tumour development, innocent and malignant, in a single gland. 

(/) Cystic mastopathy. Another fact elicited in animal experiments which 
bears on human pathology concerns the association between mammary cysts and 
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cancer. ‘Chronic cystic mastitis’, as it used to be called, is undoubtedly a result 
of oestrogenic influence, for it can be brought about in animals, whether male or 
female, by giving them oestrogen. In women, therefore, it may be regarded as a 
sign that their breasts have reacted too readily or have been subjected to ex- 
cessive amounts of oestrogen which in the breast is an important factor in 
carcinogenesis. To this extent the presence of cysts may be regarded as a danger 
signal. However, as already mentioned, epithelial hyperplasia and cancerous 
metaplasia are not limited to ducts which have become the seat of cystic dilatation.^ 
In mice they seem to appear more often in ducts which are not cystic. The writer 
has seen multifocal cancer growing in relatively large mammary cysts in the rabbit. 
It must be concluded that cystic noastopathia neither leads of itself to cancer nor 
renders it unlikely that cancer will occur. It is an indication of excessive oestro- 
genic stimulation of the breast and is therefore a warning of danger, the significance 
of which may be affected perhaps by a knowledge of the patient’s family and 
personal history, and in any event cannot be ignored. 

Logie (1942), from an analysis of 330 biopsies, concluded that the association 
of cancer with cystic mastopathy in man is not a chance occurrence. In the 149 
specimens in which cystic mastopathy was present cancer was discovered in 67, 
or 45 per cent, and in the 1 18 cases in which cancer was found, cystic mastopathy 
also was seen in 67, or 56*7 per cent. In 130 cases neither cancer nor cystic 
mastopathy existed. 

The Role of the Pituitary in the Mammary 
Response to Oestrogen 

(a) The effect of oestrogen on the mamma after hypophysectomy. Most workers 
who have investigated the matter report the absence of response by the mamma 
to oestrogen after the pituitary has been removed. The administration of oestrogen 
after hypophysectomy failed to cause mammary development or to sustain the 
mammary glandular tissue in the rat (Selye, Collip & Thomson, 1935; Reece, 
Turner & Hill, 1936; Samuels, Reinecke & Petersen, 1941); in the mouse 
(Gardner, 1936; Gomez, Turner, Gardner & Hill, 1937; Lacassagne & Chamorro, 
1939) ; and in the guinea-pig (Gomez & Turner, 1936(2; Lyons & Pencharz, 1936; 
Desclin, 1939). 

Lacassagne & Chamorro (1939) submitted mice after removal of the pituitary 
to the continued influence of oestrogen; no mammary growth occurred. In 
another experiment they gave weekly injections of 50/ of oestrone benzoate to 
mice, beginning the treatment a few days after birth. After 2 or 3 months, when 
the mammae had reached a stage of pronounced cystic hyperplasia, hypophy- 
sectomy was done. In spite of continued injections of oestrone benzoate the 
mammary glands underwent rapid regression. 

Although these experiments appear conclusive, an absence of mammary re- 
sponse to oestrogens after hypophysectomy has not been a universal experience, 
for Nelson (1935^) reported that mammary proliferation occurred in hypophy- 
sectomized rats which had received 40 r.u. of oestrin daily, though the response 
was less than that produced by the same doses in rats with- intact pituitaries. 
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When judging the effects of hypophysectomy two facts have to be remembered. 
One is that if only a very small part of the pituitary remains a mammary response 
to oestrone may be obtained (Gomez, Turner, Gardner & Hill, 1937); the other 
fact is that in many animals, including the mouse, the pars tuberalis of the 
pituitary is not always removed entirely in an operation regarded as a complete 
hypophysectomy (Newton & Richardson, 1941), and it may be that this surviving 
part of the anterior pituitary is able in some instances to supply what is needed to 
cause growth of the mammary gland in response to oestrogen. 

(b) Mammatrophin. The influence of the pituitary on the growth and func- 
tional activity of the breast was demonstrated by Evans & Simpson (1929^), who 
caused full mammary development and lactation in adult virgin rats by implants 
of bovine or rat pituitary substance. In further experiments (1931) they found 
that extracts from the urine of pregnant women caused mammary development 
in normal virgin rats. No mammary growth occurred either in male or in spayed 
female rats in response to pituitary extracts; Evans & Simpson therefore attri- 
buted mammary development to the action of pituitary hormone on the ovary. 
Weichert, Boyd & Cohen (1934) repeated these experiments in rats with the same 
results. Evans & Simpson saw clear evidence that mammary growth began before 
any lutein tissue existed in the ovary, from which they concluded that the secre- 
tion of the corpora lutea could not be the initial stimulus to mammary growth. 
Moreover, no mammary hyperplasia was caused in male rats by the same pituitary 
extract which caused mammary development in non-spayed females. Bradbury 
(1932) gave chorionic gonadotrophin to female mice and noted that full develop- 
ment of the ducts and lobules took place in the mammae, but this happened only 
if the ovaries were present. A complete response of this kind was not obtained 
after hysterectomy. Bradbury thought that the extract used by him (‘ Antuitrin S’) 
required the presence of both the uterus and corpora lutea in order to induce full 
lobular development in the mamma. Like Evans &: Simpson, and Bradbury, 
Parkes (1929) concluded that the ovary is essential for the development of the 
mamma under the influence of pituitary hormones. Anterior pituitary extract 
injected into virgin non-spayed rabbits caused o\mlation followed by a growth 
of the mammae wLich with continued injections equalled that of pregnancy; 
similar injections given to males or spayed females caused no mammary changes. 
Reference will be made presently to results obtained by other observers which 
differ from those just recorded. 

It is now recognized that the initial factor in mammary development is 
oestrogen, and the results observed by the workers just quoted, when considered 
alone, might be attributed to the direct action on the mamma of ovarian hormones 
produced under the influence of gonadotrophin from the pituitar}- or placenta. 

There are reasons for suspecting that the interactions are not so simple as this 
and it may be that oestrogens induce mammary development by causing the 
pituitary to produce a mammatrophin. Such an explanation would account for 
the absence of a mammary response to oestrogen after hypophysectomy. Corner 
(1930) reported that extracts of sheep’s pituitary given to spayed virgin rabbits 
caused a full development of the mamma with lactation, and produced in 2 weeks 
a condition scarcely distinguishable from that of a breast at the full term of preg- 
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nancy. A previous course of treatment with luteal extract was not required for 
the production of this effect. Corner’s results might be explained, on hypo- 
thetical grounds, by the assumption that the pituitary material used contained 
mammatrophin. Asdell & Salisbury (1933) obtained full development of the 
mamma in spayed virgin rabbits by giving alkaline extracts of pituitary or extracts 
prepared from pregnancy urine. In the same paper they state that if, in a rabbit 
made pseudopregnant by a sterile mating, the ovaries are removed on the 7th day 
further development of the mamma is arrested. 

Direct and final proof of the existence of a pituitary or placental mammatrophin 
cannot yet perhaps be claimed. Gomez, Turner & Reece (1937), having shown 
that after hypophysectomy neither oestrin alone nor oestrin plus progestin will 
cause growth of the guinea-pig’s mamma, performed the following experiment. 
They removed the pituitaries from four male guinea-pigs. Into three of these 
animals they implanted daily for 20 days one pituitary taken from a rat which had 
received injections of 100 i.u. of oestrin daily for a period of 10 to 20 days before 
death. The fourth guinea-pig received in the same way twenty daily implants of 
pituitaries derived from rats which had not been treated with oestrin. In the 
three guinea-pigs receiving pituitaries from oestrin-treated rats the mammae 
showed an extensive alveolar development comparable with that induced by 
twenty daily injections of oestrin given to normal guinea-pigs. In contrast with 
these results the mammary duct system of the fourth guinea-pig remained rudi- 
mentary. The outcome of these experiments seems compatible with the sugges- 
tion that the action of oestrin is to evoke the production by the pituitary of one or 
more mammatrophins. Gomez & Turner (1937^) say that mammatrophin does 
not exist in detectable amount in the pituitaries of animals which have not been 
subjected to ovarian hormones, whereas its presence can be demonstrated in the 
pituitaries of animals which are pregnant or, in the absence of pregnancy, have 
been subjected to oestrogen. Such a generalization can hardly be accepted yet 
without some reserve, for Reece & Leonard (1939), experimenting on rats, did not 
find any evidence that oestradiol stimulated the pituitary to produce mamma- 
trophin, Implantation of rat’s pituitaries into hypophysectomized rats caused the 
same amount of mammary growth whether the donors of the pituitaries had been 
treated with oestradiol or not. 

Gomez & Turner (1938) think that there may be two mammatrophins, a duct- 
growth factor whose production is caused by oestrin and an alveolar- growth factor 
dependent on oestrin plus progestin. 

Lyons (193712) has described how a mammatrophin can be separated from the 
pituitary together with adrenocorticotrophin, i g. of these two mixed hormones 
being obtained from a kilogram of sheep’s pituitaries. When tested on young 
rabbits the hormone given alone does not cause the development of alveoli or lacta- 
tion, but if given after a course of oestrin injections it induces both development of 
alveoli and lactation. The secretion of milk, he says, can be caused in male rabbits 
by giving them daily doses of 10 r.u. of oestrin followed by mammatrophin. 

Trentin, Mixner, Lewis & Turner (1941) found that fresh pituitary material 
obtained from pregnant cattle and free from progesterone caused the develop- 
ment of alveolar lobules in the mammae of spayed mice. 
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The various experimental results quoted above seem to indicate that for the full 
development of the mamma both ovarian and pituitary hormones are necessary. 
Whether the pituitary influence is conveyed by a specific hormone which we may 
call mammatrophin, or by a non-specific general growth hormone in co-operation 
with oestrogen, and perhaps with progestin, must for the present remain uncertain . 

Astwood, Geschickter & Rausch (1937) think that a failure of the mamma to 
react to oestrogen after hypophysectomy may be in part due to the depressed 
nutritional activity which follows this operation. Nathanson, Shaw & Franseen 
(1939), too, seem to attribute the influence of the pituitary over mammary de- 
velopment to a general rather than a specific growth factor. They had noted that 
a pituitary growth extract, which by itself had no direct effect on mammary de- 
velopment, enabled oestradiol to cause proliferation of the mammary ducts if the 
two were given together to hypophysectomized rats. 

A fact to be remembered when the subject of mammatrophin is under con- 
sideration is that the local application of oestrogen to a mamma causes development 
of that mamma only (Speert, 1940). Such a result suggests that if growth of the 
mamma depends on the joint influence of gonadal and pituitary hormones, the 
co-operation of these must take place in the mamma rather than in the pituitary. 

It may be that adrenal and thyroid activity are essential to mammary develop- 
ment, as it is to lactation, and that the failure of the breast to respond to oestrogen 
after removal of the pituitary is, in part at least, the consequence of a diminished 
supply of adrenocorticotrophin and thyrotrophin. 

Perhaps the uterus is an accessory factor in preparing the mamma for lactation. 
Asdell & Hammond (1933) removed the uterus and cervix from immature rabbits 
and after puberty mated them. Ovulation followed in every instance. The rabbits 
were killed on the 24th day after coitus. The corpora lutea had been maintained 
and the mammae were enlarged but not to the degree seen in non-hysterectomized 
pseudopregnant rabbits at the same date after coitus. The naammae of the hyster- 
ectomized rabbits at this date weighed 41 g. as compared with 61 g. in the intact 
pseudopregnant rabbits. 

The Role of the Placenta in Mammary Development 

It seems that the placenta can maintain mammary development after hypophy- 
sectomy. Pencharz & Long (1933) removed the pituitaries from rats at various 
stages of pregnancy and found that if the operation were done after the i ith day 
gestation continued. In these cases the mammae underwent normal development, 
though lactation did not ensue after delivery. 

Desclin (1939) removed the pituitaries of pregnant guinea-pigs after the 40th 
day of gestation. Pregnancy continued and the development of the mammae pro- 
ceeded normally. Removal of the foetuses, provided that the placentae were left 
undisturbed, did not curtail mammary development. After deliver}" the breasts 
quickly atrophied in spite of injections of oestrogen. The conclusions drawn were 
(i) that the placenta can supply the hormones required for the development of the 
breast in pregnancy and (2) that oestrogens do not affect the mamma if both the 
placenta and the pituitary are absent. In further experiments Desclin removed the 
pituitaries of male guinea-pigs in which mammary development to the colostro- 
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genic stage had been induced by daily injections of loo i,u. of oestradiol benzoate, 
the administration of which was continued after hypophysectomy as before. 
Under this treatment the nipples continued to grow and the areolae became pig- 
mented, whereas the mammary glands underwent complete involution. A dif- 
ferent result was obtained by Robson (19366) in the rabbit. He removed the 
pituitaries from sixteen rabbits between the 22nd and 24th days of pregnancy. 
To avoid the abortion which usually follows this procedure in rabbits he gave 
injections of a preparation of corpus luteum or, in one case, crystalline pro- 
gesterone. After hypophysectomy in these animals no mammary development 
occurred. 

Summarizing the causes of mammary development we may say that the ovary 
and the pituitary play the leading parts. The process seems to be as follows : the 
pituitary forms gonadotrophins which cause the ovary to produce oestrogen and 
progestin, which in turn co-operate with the pituitary in causing full develop- 
ment of the breast; the part played by the pituitary at this stage being perhaps 
attributable to the formation of a specific mammatrophin. During pregnancy the 
placenta apparently can in some species supply the place of both the pituitary and 
the ovaries. 

The failure of the mamma to respond to oestrogen after hypophysectomy may 
be due to the absence of mammatrophin, a general growth hormone, adreno- 
corticotrophin, thyrotrophin or some other factor. 

Lactation 

The first step toward milk production is the anatomical development of the 
mamma, as already described. When this development has proceeded far enough 
the onset of lactation and its continuance seem to depend mainly on the pituitary. 
Heape (1906) showed that lactation does not depend on any influence derived 
from the foetus or placenta for it occurs in pseudopregnancy. 

Before considering what part oestrogens play in this process, attention may be 
given to the influence on lactation of the pituitary, gonads and placenta regarded 
generally. 


The Influence of the Pituitary on Lactation 

The dependence of lactation on pituitary hormones is proved by the facts (i) that 
it can be induced by pituitary extracts, and (2) that it is prevented by hypo- 
physectomy. I. 

(a) The induction of lactation by pituitary extracts. Strieker & Griiter (1928) 
gave repeated injections of an aqueous extract of pituitary to immature female 
rabbits between i \ and zi months old. Under this treatment the follicles matured 
and ovulation took place with follicular haemorrhage and luteinization, but no 
appreciable change occurred in the mammae. Nine mature rabbits were sub- 
mitted to unfertile coitus and 8 to 10 days later pituitary extract was given; 
lactation followed in all. Four rabbits were spayed 10 days after sterile coitus and 
a course of injections of pituitary extract was begun on the next day. Two or 
3 days after the first injection lactation ensued and became abundant. In addition 
to these experiments Strieker & Griiter gave pituitary extract to a rabbit 1 5 days 
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after she had weaned her young, with the result that lactation was resumed; and 
the same result followed a single injection of pituitaiy" extract into a dog 10 days 
after she had weaned her puppies. (Strieker & Griiter, 1 929^1; Griiter, 1930) 
found also that, provided the mammae w^ere fully developed, lactation could be in- 
duced by pituitary extracts though the gonads were absent. The test animals were 
the dog, rabbit, cow and pig. These observ^ations have been confirmed by Comer 
(1930) and Lyons (1937^) in rabbits. Nelson & Pfiifner (1930) in guinea-pigs, 
Allen, Gardner & Diddle (1935) in monkeys, and Houssay (1935) in dogs. 
Houssay injected an alkaline extract of bovine pituitaries into male and female 
dogs; these injections caused lactation in adult females whose mammar}" glands 
were already well developed, but did not have this effect in males or immature 
females. In the latter, after preliminary treatment with oestrone, lactation could 
be induced by pituitary extract. 

{b) The prevention of lactation by hypophysectomy , Collip, Selye & Thomson 
(1933^; see also Selye, Collip & Thomson, 1933^2) removed the pituitaries from 
pregnant rats. The rats littered, and lactation followed but quickly ceased. If 
hypophysectomy were done on rats which were already nursing young, lactation 
stopped and the mammae became atrophic. The same results have been recorded 
by Pencharz& Long (1933) in rats and by Gomez & Turner (193 6^2) in guinea-pigs. 

Further experiments have shown that milk formation cannot be induced in 
cats, rats, mice or guinea-pigs by gonadal hormones in the absence of the pituitary 
(Selye, Collip & Thomson, 1934a; Lyons & Pencharz, 1936). 

In some species, including the dog, cat and ferret, the secretion of milk can be 
induced by galactogenic preparations in the absence of the pituitary. Gomez & 
Turner (193 6 <2, 6), however, failed to cause lactation in the hypophysectomized 
guinea-pig by galactogen. When judging experiments of this kind it must be re- 
membered that the preparation of a pure pituitary hormone is hardly possible 
and the results of a test may be greatly affected by the presence or absence of 
other hormones than the one under examination. When galactogen is given to 
hypophysectomized animals the presence or absence of adrenocorticotrophin, 
thyrotrophin or perhaps other pituitary hormones may greatly confuse the 
outcome. 

The Influence of the Gonads and Placenta on Lactation 

Although the ovary and placenta play a large part in preparing the mamma for 
lactation, neither is essential for the production of milk once this process has 
begun. As the following remarks will show, this does not mean that the ovary 
and placenta are without influence on the production of milk. 

{a) The inhibition of lactation by the gonads and placenta. Selye, Collip & 
Thomson (1933^2; see also Collip, Selye & Thomson, 1933^) treated virgin rats 
with placental gonadotrophin until their mammae wxre fully developed; no 
lactation occurred. If now the ovaries w^ere removed an abundant secretion of 
milk followed within 36 hours. Thus it appears that the gonads can inhibit 
lactation. The placenta, possibly by its production of oestrogen, also prevents the 
lactogenic action of the pituitary, and there seems little doubt that it is the 
elimination of the placenta at parturition wffich enables lactation to ensue. 
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Nelson (1934^/) removed the ovaries and fertile horn from a guinea-pig which 
was pregnant in only one horn, and lactation followed. If, however, the 
embryos and ovaries alone were removed while the placentas were left intact, 
no lactation occurred. Selye, Collip & Thomson (i934<2) confirmed this 
observation. 

(b) The presence of the gonads is not required for lactation, Marshall & Jolly 
(1905) showed that removal of the ovaries during the latter part of pregnancy 
does not modify lactation. Kuramitsu (1921) made a similar observation. More- 
over, it has been noted that the induction of lactation in non-pregnant animals 
by pituitary extracts is not prevented by gonadectomy once the mammae have 
become fully developed (Nelson & Pfiffner, 1930; Allen, Gardner & Diddle, 

1935)- 

(c) The prevention of lactation by oestrogen, Parkes & Bellerby (1926) demon- 
strated the inhibitory effects of oestrin on lactation in mice. They used the rate 
of growth of the litters as a criterion and found that injections of oestrin into the 
mothers retarded the growth of the young. De Jongh (1933) also reported this 
inhibition of lactation by oestrogen in rats and mice. In nursing mice 50 i.u. of 
oestrone given twice a day arrested lactation. Robson (1935^) recorded con- 
firmatory results and Smith & Smith (1933) observed that established lactation 
in the pregnant or pseudopregnant rabbit could be inhibited by oestrin; still more 
readily the onset of lactation could be prevented. Anselmino & Hoffmann (1936) 
reported that 1,000 i.u. of oestrone, given daily, stopped lactation in the rat, and 
Folley & Kon (1938) showed that 0*3 mg. of oestrone per 100 g. of bodjrweight 
inhibited milk production when given to lactating rats. Nelson (1934J) found 
that daily doses of 100 r.u. of oestrone, started within a few hours of parturition, 
prevented lactation in the guinea-pig. Waterman, Freud & De Jongh (1936) made 
an experiment with two cows which had calved a year previously. One of the cows 
was treated by applying oestradiol benzoate in olive oil twice a day to the udder and 
teats during a period of 33 days. The other was treated in the same way with olive 
oil only, as a control. At the end of treatment milk production was unaffected in 
the control cow; in the one which had received applications of oestrogen the 
daily milk production had fallen from 5 litres to half a litre (see also Folley, 1936). 
Bacsich & Folley (1939) found that i mg. of oestradiol benzoate given daily 
prevents lactation in the rat without causing involution of the mamma. 

In women, as in the lower animals, oestrogens, if given in sufficient dosage, 
inhibit lactation and are widely employed by clinicians for this purpose (Foss & 
Phillips, 1938; Kellar & Sutherland, 1939; Macpherson & Haultain, 1942). 

Artificial oestrogens, especially stilboestrol, are in common clinical use for this 
purpose. Chassar Moir (1942) has administered the oestrogenic compound tri- 
phenylchlorethylene with success. In nearly fifty cases the production of milk 
w^as checked, he says, without inconvenience to the patient. Tablets of 0*5 g. were 
given twice a day for the first 4 days of the puerperium and once a day for the 
next 3 days. These doses did not cause nausea or sickness. Macpherson & 
Haultain (1942) inhibited lactation without inconvenience to the patients in all 
but three of eighty women by single injections of 0*25-3 §• triphenylchlor- 
ethylene in oil given at the time of delivery. 
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Sardi (1935) carried out a series of experiments on male guinea-pigs which 
illustrate well the influence of oestrogen on lactation : 

(1) Pituitary extracts were given daily for 16 to 35 days to three non-castrated, 
and for 73 days to seven castrated male guinea-pigs. No enlargement of the 
mammae or nipples followed nor was there any lactation. 

(2) Repeated subcutaneous injections of oestrone given to male guinea-pigs 
caused enlargement of .the mammae and elongation of the nipples without 
lactation. 

(3) Injections of oestrone were given to three non-castrated and seven cas- 
trated guinea-pigs for 15 to 30 days, after w'hich pituitary extract was given. This 
treatment led to abundant lactation. Young guinea-pigs were suckled by these 
males, but lost weight. 

(4) Simultaneous injections of oestrone and pituitary extract into male guinea- 
pigs caused growth of the mamma unaccompanied by lactation. 

These results suggest that a preparation of the mamma by oestrogen is neces- 
sary in order that pituitary extracts may induce the secretion of milk, which how- 
ever cannot come about until the supply of oestrogen has been stopped or greatly 
reduced. Reece, Bartlett, Hathaway & Davis (1940) noted that daily doses of 
100 r.u. of oestrogen, while causing some inhibition of lactation in rats, did not 
prevent the supply of lactogenic hormone; the pituitaries of the mother rats 
treated with these doses of oestrogen contained more galactogen than those of un- 
treated lactating rats. From this experiment, as well as from those of Sardi which 
have been mentioned above, it seems that oestrogen checks lactation by counter- 
acting the pituitary lactogenic hormone rather than by stopping its production. 

{d) Lactation following the cessation of a supply of oestrogen. These experi- 
ments may be considered in connection with the fact that lactation may follow a 
course of treatment with oestrogen immediately the supply of hormone is with- 
drawn (Laqueur, Borchardt, Dingemanse & de Jongh, 1928; Steinach, Dohm, 
Schoeller, Hohlweg & Faure, 1928). As already suggested, the onset of lactation 
after delivery can be rationally explained on the basis of these experiments, be- 
cause with the expulsion of the placenta a copious fount of oestrogen is suddenly 
removed. 

(e) The induction of lactation by oestrogen. When studying the actions of a 
particular hormone it is not uncommon to find that the kind of effect produced 
depends largely upon the dosage. Thus, the recognized effect of moderate 
amounts of oestrogen on the mamma is a development of the duct system; 
excessive doses, however, do not have this effect; they check the growth of the 
ducts. So too, although the capacity of oestrogen to prevent lactation is certain , 
it seems equally sure that in small amounts oestrogen will favour the onset of 
lactation and will increase the amount of solids excreted. Frazier & !Mu (1935) 
gave from 20 to 60 r.u. of oestrogen daily to adult male rabbits during a period of 
250 days. This treatment caused enlargement of the nipples to the size of those in 
lactating females, together with the formation of milk. In two instances the 
rabbits fostered and suckled young. Folley, Scott Watson & Bottomley (1940) 
find that virgin goats can be made to produce milk by applying i g. of a i per cent 
oily solution of diethylstilboestrol dipropionate to the udder 3 times a week 
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accompanied by daily milking. In a virgin goat after 30 days of this treatment a 
yield of milk suddenly began and eventually amounted to 1,500 c.c. daily; the 
milk was normal in composition. The yield of milk by this goat was increased 
more than 40 per cent by giving an alkaline pituitary extract (Folley & Young, 
1941 d). How much of the eflFect in this experiment was due to the oestrogen and 
how much to the stimulation of milking is hard to say, for milking combined with 
inunction of an ointment not containing oestrogen was also found capable of 
starting lactation. 

Walker & Stanley (1941) treated a heifer which had been spayed 10 months 
before with diethylstilboestrol dipropionate; during 9 months a total of 1,560 mg. 
had been given. In the latter part of this period 530 mg. of testosterone had been 
administered also. Lactation ensued under this treatment and eventually the daily 
yield of milk reached 16 pounds. (See also Folley, Scott Watson & Bottomley, 
1941.) Perhaps in experiments of this kind a fuller development of mammary 
alveoli and consequently a copious production of milk would be obtained by 
including progesterone in the preliminary preparation of the mamma. 

(/) The enrichment of milk by oestrogen. Folley (1936, 1941) has found that 
oestrogens given in small amount cause an increased concentration in the milk of 
fatty and non-fatty solids. This enrichment apparently represents an enhanced 
secretion of solids and not a mere curtailment of the output of water. 

Galactogen and Prolactin* 

The production of milk appears to depend on one or more pituitary hormones, 
which for brevity we will call galactogen. It has been suggested that there are two 
galactogens. Gardner & Turner (1933) found that extracts of sheep and beef 
pituitaries which were able to induce lactation failed to sustain it, and according 
to Folley & Young (1941 the pituitary hormone which initiates the production 
of milk is probably distinct from that which maintains the process. 

Like other pituitary hormones galactogen has the reactions of a protein and has 
not been prepared in a pure form. Apparently it, or prolactin, is a normal con- 
stituent of the male as well as the female pituitary (Holst & Turner, 1939), a fact 
which is of interest in connection with cases of gynaecomastia and lactation in men. 

The effect of galactogen on the mamma appears to be confined to secretory 
activity, and is in contrast with that of gonadal hormones and perhaps of mam- 
matrophin, which are concerned with anatomical development. Gardner, Gomez 
& Turner (1935) gave daily doses of ‘galactin’ for a week to three young virgin 
rabbits, beginning immediately after they had been spayed. At the end of this 
treatment the mammary ducts were distended with milk though no development 
of alveoli had occurred. In other experiments on immature rabbits they found 
that, after twenty daily injections, galactin caused secretion in the mammary 
ducts and in the alveoli too if any were present, but did not stimulate growth of 
the glandular structures. 

* The pituitary homione which causes the production of milk in mammals is here referred to 
as galactogen, while that which stimulates activity in the pigeon’s crop-gland is called prolactin. 
The identity of these two hormones has not been established, though they are sometimes regarded 
as identical. 
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The influence of oestrogen on the production of gahctogen. Possibly oestrogen 
in suitable dosage takes part in the formation of galactogen ; it certainly seems to 
favour the production of prolactin, as will be shown presently. 

Lewis & Turner (1941) gave daily doses of stilboestrol to adult spayed rats, and 
at the end of 10 days found that the galactogen ic hormone present in their 
pituitaries was more than doubled. Meites & Turner (1942), by tests on the 
pigeon’s crop-gland, found that the prolactin content of the pituitary in the rat, 
guinea-pig and rabbit is not increased during pregnancy or pseudopregnancy but 
rises rapidly soon after parturition. They learned, moreover, that the prolactin 
content of the rabbit’s pituitary and blood could be increased by the administra- 
tion of oestrogen; the larger doses used by them were not so efficient in this 
respect as smaller doses. 

The dependence of continued lactation on suckling. The maintenance of lacta- 
tion seems to depend largely on a limitation of the production of FRH and conse- 
quently of oestrogen. But there are other factors. The mamma is no exception to 
the rule that retention of its secretion checks the activity of a gland ; unless the 
milk is regularly removed lactation will decline and eventually cease. This effect 
is a local one and is confined to the neglected gland. Hammond & Marshall 
(1925) occluded all five nipples on the left side of a rabbit, leaving the nipples on 
the right side intact. The rabbit was allowed to suckle her young until at the end 
of 16 days of lactation she was killed. The mammae of the right side weighed 
170 g. and those of the left weighed 56 g. The result suggests that involution of 
the mamma at weaning is not caused by a lack of sensory stimuli, but is probably 
due to the non-removal of milk from the gland. Hammond & Marshall also point 
out that in sows with small litters the mammae used by the piglets are large and 
active, while the unused mammae are small and atrophic. 

The importance of thoroughly emptying the cowl’s udders at each milking in 
order to maintain the yield is generally known. 

The influence of afferent nervous impulses on lactation. Local nercous stimuli 
are needed to maintain lactation. Selye & McKeown (19346, c) have shown that 
in rats the stimulus of suckling will cause some secretion of milk even though 
its escape has been prevented by obstruction of the ducts. Furthermore lactation 
is affected by psychical impulses. Experience has shown the ill-effects of psychical 
disturbance on the production of milk by the human mother as well as by 
domestic animals. It seems probable that not only the sensoiy^ stimuli of suckling 
but the maternal solicitude for the young also may lead to an efflux of galactogen 
from the pituitary. 


Accessory Hormonal Factors in Lactation 

Thyroid and adrenal secretion. The production of milk does not depend on 
the pituitary and gonadal hormones alone. Apart from good nutrition and the 
absence of nervous disturbance, the secretions of the thyroid and adrenals also 
may have a favourable influence on lactation. By giving suitable doseS of thyro- 
trophin (Folley & Young, 1938), thyroxine or dried thyroid gland (Graham, 
1934) to a normal cow its yields of milk and of milk fat can be increased. It will 
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be remembered that the thyroid plays a part in the metabolism of oestrogen and 
this capacity may help to explain its influence on lactation. 

Regarding the adrenals it has been shown that their removal is followed by a 
cessation of milk secretion. Nelson (1941) found that lactation could not be 
induced in the hypophysectomized guinea-pig unless adrenocorticotrophin or 
adrenal cortical hormone were given also; in this experiment desoxycortico- 
sterone failed as a substitute for adrenal cortical extract. In mice it has been 
shown that desoxycorticosterone may suppress lactation. 

The Effect of Lactation on the Gonads 

Arrest of oestroiis cycles. The cessation of the menses in women during lacta- 
tion is a commonly observed though not inevitable occurrence. In animals, too, 
an arrest of the oestral cycle has been noted during suckling. Apparently animals 
differ in this respect, Hammond & Marshall (1925) say that in some species (rat, 
opossum) maturation of follicles ceases during lactation, in others (guinea-pig) it 
does not. When lactation arrests the oestral cycles it probably does so by inter- 
fering with the production of FRH by the pituitary. This is suggested by some 
measurements which were made by Hammond & Marshall on puerperal rabbits, 
some of which had suckled their young for a month or more while others had not 
been allowed to suckle (Table 150). 

Table 150. Comparative weights of organs in puerperal rabbits which nursed 
or did not nurse their young (Hammond & Marshall, 1925) 

Average Average Average 

weight of weight of Average weight of 

mammae ovaries number of large uterus 

Classification (g.) (g.) follicles in ovaries (g.) 

Sucklers 86 0*34 o 2*5 

Non-sucklers 29 o*6i ii 9-0 

Oestrus occurs in the mouse within 24 hours or thereabout after parturition. 
Provided that she suckles her young the next oestrus does not take place until 
between the 21st and 26th day after their birth. But this temporary arrest of the 
oestrous cycles happens, according to Crew & Mirskaia (1930), only if there are 
four or more nurslings. If only one or two are being nursed, oestrus is not in- 
hibited. If the litter is of normal size so that oestrus is prevented, removal of the 
young a week or a fortnight after parturition will be followed by oestrus in the 
mother within the next 4 days. 

Bates, Riddle & Lahr (1937) believe that the pituitary hormone responsible for 
lactation inhibits the formation of FRH, and they put forward experimental 


Table 15 i. The effect of prolactin and other hormones on the 
pigeon’s testes (Bates, Riddle & Lahr, 1937) 


Hormone 

Daily dose 

Days of treatment 

Weight of testes 
(nig.) 

None (muscle extract 

5 mg. 

7 

1,310 

given for control) 
Prolactin 

40 bird units 

13 

104 

Androsterone 

— 

10 

230 

Progesterone 

0-25 mg. 

10 

279 

Oestrone 

40 r.u. 

10 

213 
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evidence in support of the view. They gave to adult ring doves different hor- 
mones, including a preparation of prolactin free from FRH, and noted the effects 
of the various hormones on the weight of the testes. The figures given in Table 
15 1 show that a greater degree of testicular atrophy was caused by prolactin than 
by any other hormone used. 

Experiments on the Pigeon’s Crop-Gland 

Such fine studies have been made of the hormonal influences which regulate 
secretion from the pigeon’s crop-gland, and the bearing which these studies have 
had on our knowledge of mammary activity are so important, that it seems 
essential to- make some reference to them here. The crop-gland forms a milk-like 
fluid for the nourishment of the young, and its hormonal reactions resemble those 
of the mamma. The gland was discovered by John Hunter, who noted that it 
produces a secretion, 'pigeon’s milk’, on which the young are fed. He observed 
also that the gland i^ present in both sexes and that males as well as females feed 
the young. 

Riddle & Braucher (1931) tested the reactions of the crop-glands to hormones 
and found that enlargement and secretory activity could be induced in them in 
immature and mature non-brooding birds of both sexes by suitable pituitary 
extracts. The actual hormone ' prolactin ’ appears to consist partly of a protein- 
like component, as do the gonadotrophins; like the latter prolactin has not yet 
been isolated in a pure form. 

Riddle (1937) states that prolactin is present in the pituitaries of all the verte- 
brates examined. Rich extracts have been prepared and assayed on birds using 
the crop-gland as the test object. These extracts also stimulate the production of 
milk in mammals if the mammae are already well enough developed. 

The action of prolactin on the crop-gland and mamma appears to be direct. 
According to Riddle the hormone injected intramuscularly is effective in causing 
secretion from the crop-glands in pigeons after hypophysectomy, gonadectomy, 
thyroidectomy or adrenalectomy, and when injected into single milk ducts in 
mammals it causes a localized secretory response. The hormone has a pronounced 
antigonadal action in pigeons of both sexes and in 10 days will reduce the weights 
of the testes by 90 per cent, an effect which is readily overcome by small doses of 
gonadotrophin (FRH), from which it seems that prolactin interferes with the 
supply of FRH. 

Perhaps because it has not yet been completely isolated from other pituitaiy' 
hormones, there has been some discrepancy in the results reported by different 
workers who have investigated the action of prolactin in mammals. 

Experiments which have shown prolactin effective in causing lactation in non- 
pregnant mammals are as follows. Allen, Gardner & Diddle (1935) treated ten 
female rhesus monkeys with oestrone followed by prolactin. In all the five 
females with mature mammaiy^ glands the injections of prolactin caused lactation. 
In the other five monkeys, which were immature, lactation did not occur. 
De Fremer>^ (193b) found that lactation could be induced in virgin goats inde- 
pendently of the season, by six daily injections of 5 pigeon units of prolactin. 
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In contrast with these results may be mentioned others in which prolactin 
failed to show galactogenic properties in mammals. Gomez & Turner (1936^, 
1 937 <2) found that prolactin did not maintain or restore lactation in cats, rats and 
guinea-pigs after hypophysectomy, though fresh non-extracted sheep’s pituitary 
was effective in the maintenance of lactation in the same circumstances in two 
guinea-pigs. They discovered, however, that lactation could be maintained or 
restored after hypophysectomy in the guinea-pig by injections of prolactin com- 
bined with adrenocorticotrophin (Gomez & Turner, 1936^). Folley & Young 
(1938) experimented on cows in which the production of milk was declining. 
Very large doses of prolactin were required to cause an increase of milk produc- 
tion. A crude saline extract of anterior pituitary gland was more effective. They, 
conclude that prolactin as defined by the pigeon crop-gland test is not the only 
lactogenic substance in the hypophysis. They say that a thyrotrophic preparation 
increases the secretion of milk in a lactating cow. 

Presence of prolactin in urine during lactation, Lyons & Page (1935) examined 
the urine of eight lactating women and were able in every instance to extract 
prolactin which gave positive results with tests on the pigeon’s crop-gland. 

Inhibition by oestrogen of the action of prolactin on the development of the pigeon^ s 
crop-gland. It is interesting to note that the development of the crop-gland both 
in male and female pigeons can be inhibited by oestrogen. Folley & White 
(1937; see also Folley, 1939) used two groups of twenty-four pigeons. To one 
group were given daily doses of 5 mg. of oestradiol in sesame oil for six suc- 
cessive days ; the other group received sesame oil only for the same period. On 
the 6th day daily injections of 5 mg. of prolactin were given to all the pigeons and 
were continued daily for 6 days. Twenty-four hours after the last injection the 
birds were killed and their crop-glands weighed. The results (Table 152) show 
that the crop-glands in the birds which had received oestradiol were smaller than 
those which had not. The restrictive action of large doses of oestrogen on the 
development of the crop-gland in this experiment appears to be like that which 
large doses of oestrogen exert on the mamma (p. 332). 


Table 152. Inhibition of the functional development of the pigeon’s crop-gland 
by large doses of oestrogen (Folley & White, 1937) 


Number 

Sex 

Preliminary 

treatment 

Daily dose 
of oestrogen 
(mg.) 

Mean weight of crop-gland 
(mg. per 100 g. of body weight) 

9 

Male 

Oestradiol benzoate 

5 

680 

7 

Male 

in sesame oil 
Sesame oil only 


1,490 

15 

Female 

Oestradiol benzoate 

5 

830 

17 

Female 

in sesame oil 
Sesame oil only 


1,080 


The effect of oestrogen on the production and output of prolactin by the mammalian 
pituitary. Reece & Turner (1936, 1937) found that the pituitary glands from 
sexually mature ovariectomized rats which had been injected with 5007 of 
oestrone daily for a fortnight contained more prolactin, as assayed on pigeons, 
than the pituitaries from sexually mature ovariectomized rats which had not 
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received oestrone. Removal of ovaries without further treatment decreased the 
prolactin content of the rat’s pituitary. Reece (1938) with the same kind of ex- 
periment obtained the results set out in Table 153. 


Table 153. The effect of oestrin on the prolactin content 
of the rat’s pituitary (Reece, 1938) 


Number 

Hormone 

Daily 

dose 

Duration 

of 

treatment 

Other 

Mean 

bodyueight 
at death 

xVlean 
weight of 
pituitaries 

Mean bird 
units of 
prolactin in 

of rats 

treatment 

(i.u.) 

(days) 

treatment 

(g.) 

(mg.) 

pituitary 

10 

None 

— 

_ 

None 

160 

8-9 

7*93 

10 

None 

. — 

— 

None 

167 

7'9 

12-6 

10 

Oestradiol 

200 

15 

None 

161 

i 5‘7 

I i-io 

10 

Oestradiol 

1,000 

15 

None 

159 

I 3‘3 

i6-i 

10 

Oestradiol 

1,000 

15 

Spayed 

160 

21*4 

14*3 


Lewis & Turner (1941) found that by treating adult spayed rats for 10 days 
with stilboestrol the prolactin content of their pituitaries was increased by 
226 per cent, 

Meites & Turner (1942) treated rabbits with oestrone for 10 days, and tested 
their blood for prolactin on the pigeon’s crop-gland. Three different doses of 
oestrone were used, namely 500, 1000, and 5000 i.u. The tests showed that 
oestrone had increased the prolactin content of the blood, and that the lowest 
doses had caused the greatest increase. Meites & Turner say that the prolactin 
content of the pituitary in rats, guinea-pigs and rabbits is as low during pregnancy 
and pseudopregnancy as in normal, non-pregnant, non-lactating animals and that 
it rises rapidly after parturition. 



Chapter XVIII . Factors in the Causation of Mammary Cancer 

Oestrogen. Hereditary factors. Subsidiary agencies. 

The subsequent discussion may be easier to follow if it is preceded by a statement 
of what appear, from experiments on animals, to be the principal causes of mam- 
mary cancer. They are as follows : 

L Oestrogen. ' 

11 . Hereditary Factors: (a) Genic; (b) Nongenic. 

III. Subsidiary Factors. 

The Role of Oestrogen in Mammary Cancer 

(«) The influence of the ovary. Long before the identification of oestrone the 
ovary was thought to be an agent in the development of mammary cancer. In 
1896 Sir George Beatson stated that ‘we must look in the female to the ovaries 
as the seat of the exciting cause of carcinoma, certainly in the mamma, in all 
probability of the female organs generally’. Beatson’s views on the causative 
influence of the ovaries were confirmed by experiments in the laboratory. 
Lathrop & Leo Loeb (1916), using female mice of several different strains, found 
that removal of the ovaries, if carried out before the age of 6 months, led to a 
pronounced decrease in the incidence of cancer of the breast in these animals, 
although it did not entirely prevent it. In the few cases in which cancer arose in 
spayed female mice, it appeared later in life than in non-spayed mice of the same 
strain. Spaying mice above the age of 6 months did not have any pronounced 
effect in preventing mammary cancer. In a second paper (1919) Loeb showed, 
with greater precision than before, a contrast between the results of early and late 
spaying. If the ovaries were removed from mice between the ages of 3 and 
5 months, cancer of the mamma was almost entirely prevented. If the spaying 
was done between the 5th and the 7th months, the cancer rate was diminished 
and when cancer did appear it was at a later age on the average than in non- 
spayed mice. Removal of the ovaries after the 8th month of life had no appreci- 
able effect in reducing the incidence of mammary cancer. 

Cori (1927) followed up Loeb’s investigations. He removed the ovaries from 
mice belonging to a strain in which 78 per cent of the females suffered from 
spontaneous mammary carcinoma. In forty-nine of these mice which had been 
spayed at ages varying from 2 to 6 months, and which lived to 19 months or 
more, mammary cancer developed in five only. By removal of the ovaries in the 
first 6 months of life, the incidence of cancer in these mice was thus reduced 
from 78 to 10 per cent. In a second series Cori spayed 100 mice belonging to 
the same strain when they were between 15 and 22 days old. At the end of 
10 months eighty-six were still alive, and sixty reached the age of 20 months. Not 
one of them suffered from cancer of the breast; at 20 months of age, mammary 
tumours had appeared in 74 per cent of the untreated control mice belonging to 
the same strain. 
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Woolley, Fekete & Little (1939), ^sing the dba strain of mice, had less striking 
results. They spayed eighty-two of these mice 24 hours after birth, and among 
these mammary cancer developed in 26*8 per cent; the incidence in normal un- 
mated females of the same strain was 50*4 per cent. 

In a later paper the same workers (Fekete, Woolley & Little, 1941) describe 
some of the ultimate effects of spaying dba mice on the day after birth. They find 
that in mice so treated the vagina, uterus and mammae gradually recover from 
their early castration atrophy. This recovery begins when the mice are about 
7 months old and is associated with irregular cycles of oestrus. Among seventy- 
five mice deprived of their ovaries on the day after birth, mammary tumours 
eventually appeared in thirty-seven between the ages of 14 and 27 months. From 
the condition of the accessory genital organs in these mice it appeared that, in 
spite of the absence of ovaries, considerable amounts of oestrogen were being 
produced. 

Murray (1928), besides confirming the effect of early oophorectomy in retarding 
the development of mammary cancer in female mice, carried out further experi- 
ments which might be regarded as the reverse of those of Loeb & Cori. He used 
a strain of mice among which 80 per cent of the untreated breeding females 
eventually suffered from mammary carcinoma. Spontaneous tumours of the 
mamma were unknown in the untreated breeding males of this stock. Murray 
removed the gonads from 210 mice of each sex belonging to this strain when 
they were between 4 and 6 weeks old, and transplanted subcutaneously in the 
abdominal region of each male an entire ovary taken from a sister. His results 
are shown in Table 154. 

Table 154. The effect of gonadectomy and implantation of ovaries on the 
incidence of mammary cancer in male mice (W. S. Murray, 1928) 




Number 


Mean age 



in which 


at whi<^ 



cancer of 


the tumours 


Number 

breast 

Per- 

appeared 


observed 

occurred 

centage 

(months) 

Untreated breeding females 

479 

367 

80 

10-5 

Spayed females 

210 

36 

i 7 'i 

17-5 

Castrated males with ovarian transplants 

210 

15 

7 

14-4 

Castrated males without ovarian transplants 

241 

0 

0 

— 


De Jongh & Korteweg (1935) repeated this experiment. Using a pure strain 
of mice they implanted ovaries into castrated males. Among sixteen males so 
treated mammary cancer occurred in nine and sarcoma in tw^o. The result is 
significant because spontaneous mammary cancer very rarely, if ever, has been 
seen in untreated male mice. 

Another kind of experiment has demonstrated the dependence of mammary 
cancer on the ovaries and the oestrogen which they produce. Furth & Butter- 
worth (1936) submitted mice to a moderate dose of X-rays (200 to 450 r.); among 
the mice so treated several granulosa tumours of the ovaiy^ arose and were 
associated with cystic glandular hyperplasia of the uterus and sometimes with 
mammary cancer. This type of ovarian tumour is knowm in man to produce an 
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abundance of oestrogen, and the presence of cystic glandular hyperplasia in the 
treated mice strongly suggests that the ovarian tumours in them also had caused an 
excessive supply of oestrogen, to which the mammary cancers might be attributed. 

(b) The influence of extracts of liquor folliculi. Goormaghtigh & Amerlinck 
(1930) gave daily subcutaneous injections of an oestrogenic extract prepared from 
the liquor folliculi of sows to female mice during a period of several months. 
Each dose contained 6 r.u. of oestrogen. Adenomatous formations appeared in 
the mammae of some of these mice and in one a mammary cancer developed. 

(c) The influence of pure oestrogen. The results of the foregoing experiments 
accord with those obtained later by using pure oestrogens. Lacassagne’s (1932) 
work calls for particular recognition in this field. In an early experiment he gave 
weekly injections of 0*03 mg. of crystalline oestrone benzoate dissolved in sesame 
oil to five young mice commencing when they were between 10 and i8 days old. 
Three of the mice were males and two were females. They belonged to a strain 
(Rin) in which about 72 per cent of the untreated females eventually suffer from 
spontaneous mammary carcinoma, though males are not thus affected. In every 
one of the three males subjected to oestrone in this experiment cancer of the 
breast developed within 6 months, one of the mice having two separate tumours. 
Mammary cancer appeared also in one of the two females, at the early age of 
4 months. Since Lacassagne’s pioneer work a number of investigators have in- 
duced cancer of the breast in male mice, whether castrated or not, with oestrone 
(Burrows, 1935 d', e; Bonser, 1935 Gardner, Smith, Allen & Strong, 1936; and 
many others). Usually in these experiments the oestrogen was dissolved in oil 
and given by subcutaneous injection. This method of administration is not 
essential for success. Burrows used a solution of oestrone in benzene applied to 
the skin in the interscapular region, and Twombly (1939) injected dry crystals. 

It is now known that mammary cancer may be induced in male mice by various 
oestrogens, both natural and artificial, including Girard’s equilin and equilenin 
(Lacassagne, 1936Z?; Gardner, Smith, Strong & Allen, 1936^), oestradiol benzoate 
(Gardner, Smith, Allen & Strong, 1936), triphenylethylene (Robson & Bonser, 
1938), diethylstilboestrol (Lacassagne, 1938). Geschickter (1939) induced mam- 
mary cancer in twenty-five of eighty-six rats by means of oestrone, and in others 
with diethylstilboestrol, the dosage in the latter case being zooy daily for 100 days. 

The artificial induction by oestrogen of mammary cancer in rats has a special 
interest, for spontaneous cancer of the breast in rats is rare, though non-malignant 
fibroadenomata are common. 

In most of the experiments concerned with the induction of mammary cancer 
by oestrogen, male mice have been used because they do not naturally get 
tumours of the breast. The same effect is caused in female mice by the artificial 
administration of oestrogen ; this treatment increases the incidence of mammary 
cancer in female mice and lowers the age at which it occurs (Suntzeff, Burns, 
Moskop & Loeb, 1936). 

The carcinogenic effect of oestrogen on the mamma appears to depend largely 
on the magnitude of the dosage and the period of life during which the hormone 
is given, cancer being induced more readily if the administration is started when 
the mice are young. Moreover, whether a mouse will or will not get mammary 
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cancer in response to oestrogen applied artificially will be decided largely by 
other factors to be considered presently. 

The quantitative relationship bettceen oestrogen and the induction of mammary 
cancer. It will be recalled that the growth of the mamma in response to oestrogen 
does not progressively increase with increasing supplies of the hormone. There 
is an optimum dosage by which a maximum development of the breast is at- 
tained; with larger amounts of oestrogen growth of the mammary ducts is 
diminished. Gardner (1941) concluded, from experiments on mice of the C3H 
strain, that the highest incidence of mammaiy^ cancer was induced by those doses 
of oestrogen which were most favourable for normal mammary growth. If this 
observation is correct it would be erroneous without some qualification to attri- 
bute mammary cancer to an excessive quantity of oestrogen. 

• The extent of time during which the mammae have been subjected to effective 
supplies of oestrogen seems to be an important factor in the etiology of cancer of 
the breast. The subject was investigated by Burns & Schenken (1940). They used 
male mice of the C3H strain, and treated them for varying periods. Once a week 
each mouse received 100 r.u. of oestradiol benzoate subcutaneously, beginning 
when the mice were 2 weeks old. The incidence of mammary cancer in these 
animals depended on the time during which this treatment was continued. 
A maximum effect was obtained with treatment lasting 16 weeks, after which 
the continued administration of oestrogen did not cause any further increase in 
the incidence of mammary cancer (Table 155). 

Table 155. The relation between the incidence of mammary cancer in male 
mice and the duration of their subjection to oestrogen (Burns & Schenken, 1940) 






Number in 

Incidence' of 


Number 

Weekly 

Duration 

w hich tumours 

mammar>’ 

rrClUp 

of mice 

dose 

of treatment 

developed 

tumours 


(r.u.) 

(weeks) 


(^)) 

I 

38 

0 

— 

0 

0 

II 

1 1 

100 

+ 

0 

0 

III 

20 

100 

8 

3 

15 

IV 

14 

100 

12 

I 

7*1 

V 

19 

100 

16 

1 1 

57*9 

VI 

19 

100 

20 

9 

47*4 

VII 

19 

100 

For duration of life 

10 

52-6 


The role of the pituitary hi mammary cancer. By its control of the ovaries and 
their production of oestrogen the pituitary must be closely concerned with the 
development of tumours of the breast. At present we are not aware of any work 
enabling us to apportion with confidence a specifically malign influence to mam- 
matrophin, gonadotrophin, general growth hormone or other production of the 
pituitary. Loeb, Burns, Suntzeff & Moskop (1937) found that the repeated im- 
plantation of mouse pituitaries into mice, in conditions favourable to survival of 
the grafts, led to a definite increase in the incidence of mammary tumours. 
Gomez & Turner (1937^) say that mammatrophin is not present in detectable 
amount in the pituitaries of animals which have not been subjected to ovarian 
hormones, whereas it is demonstrable in the pituitaries of animals which have 
been treated with oestrogen, and they suggest the possibility that mammatrophin 
may play a part in the development of cancer of the breast in mice. 
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Loeb & Kirtz (1939) implanted pituitaries from littermates into mice of various 
strains, with the result that the incidence of cancer was increased in the high- 
cancer strains (A, D, CgH) but not in the low-cancer. strains (C57 and CBA), 

Nongenic and Genic Hereditary Factors in the 
Etiology of Mammary Cancer 

The existence of separate inbred strains of mice in the females of which the 
liability to spontaneous mammary cancer shows great contrasts — the incidence 
of this disease ranging in the different strains from almost nil to nearly 100 per 
cent — proves the existence of inherited agency. Some of the strains have been 
inbred through so many generations that the animals may be regarded now as 
homogenic; Murray's dba strain, of which the writer has made much use, has 
been inbred since 1909. 

For convenience of recital and at the cost of verbal precision, different strains 
of mice will be distinguished by the terms ‘high-cancer’ and ‘low-cancer’, and 
the reader will understand that these epithets relate to the incidence of mammary 
cancer alone. We cannot refer to ‘cancer-immune strains’ and ‘cancer-sus- 
ceptible strains’, because the various inbred mice differ only in the degree of their 
propensity to the disease. By controlled breeding a cancer incidence of nil or of 
100 per cent has not yet been quite attained. In the accounts which follow it is 
hoped that this explanation will be borne in mind. 

Experiments have proved that there are two different heritable agencies which 
favour the development of mammary cancerj these are nongenic and genic. 
It will be convenient to consider the nongenic agents first. 

(i) THE NONGENIC HEREDITARY FACTOR IN MAMMARY CANCER 

Inquiries have proved that a familial tendency to the development of mammary 
cancer in mice is largely dependent on an extrachromosomal factor. Lathrop & 
Loeb (1918) observed that if high-cancer and low-cancer strain mice are crossed, 
the offspring are apt to follow the mother as regards susceptibility to cancer of 
the breast. The father’s influence in transmitting the tendency to mammary cancer 
is genic and, though definite, is relatively small. 

Using the symbol HC to denote high-cancer strain, and LC to denote low- 
cancer strain, the results of crosses m^y be crudely expressed as follows : 

Female Male Cancer incidence in offspring 
HC X HC Very high 

HC X LC High 

LC X HC Low 

LC X LC Absent 

Little (1933), writing on behalf of his colleagues and himself, mentions four 
independently conducted experiments which were continued over three years, and 
the results all agree. In these experiments the incidence of tumours in the off- 
spring of reciprocal crosses between mice of high-cancer and low-cancer strains 
were compared. In such crosses the chromosomal constitution of all the 
females is similar, therefore any significant difference in tumour incidence among 
them cannot be attributed to chromosomal influence. The results of these crosses 
in the first generation are summarized in Table 156. 
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ITable 156. The effect on the incidence of mammary cancer in mice of crossing 
high-cancer (HC) and low-cancer (LC) strains (Little, 1933) 



Type of 

cross 

Percentage of mammary 


Female 

-A 


tumours in ist genera- 

Experiment 


Male 

tion of females 

I 

HC 

X 

LC 

36-06 


LC 

X 

HC 

5*53 

II 

HC 

X 

LC 

68*11 


LC 

X 

HC 

7-41 

III 

HC 

X 

LC 

86-3 


LC 

X 

HC 

0-0 

IV 

HC 

X 

LC 

90*0 


LC 

X 

HC 

0-0 


Korteweg (1936) obtained similar results. He crossed mice of Murray's dba 
high-cancer strain with mice of a low-cancer strain (C 57), and the results, like 
those of Little, prove that the susceptibility to mammary cancer is conveyed 
mainly, though not entirely, through the mother. His experiments show further 
that the degree of susceptibility in the offspring of a low-cancer strain mother 
with a high-cancer strain father is passed on to the second (F^) generation. Some 
of his results are quoted in Table 157. 


Table 157. The effect on the incidence of mammary cancer in mice of crossing 
high-cancer and low-cancer strains (Korteweg, 1936) 


Mother 

(1) dba 

(2) C57 

(3) dba 

W (C57 ? C?) 

(5) C57 

(6) C57 


Father 


Cs7 


dba 


dba 


FACsy^xdba^) 
Fi (dba ? X C57 o) 


Number of 
offspring 

7 

67 

63 

30 

56 


Number getting 
mammary tumours 

7 

z 

52 

3 

I 

o 


The relatively small part played by the father and the predominant influence 
of the mother in transmitting susceptibility to mammary cancer has been demon- 
strated also by Murray & Little (1936) and by Bittner & Little (1937), whose 
results are set out in Tables 158 and 159, which should be studied together. 


Table 158. Showing the predominant influence of the mother in trans- 
mitting susceptibility to mammary cancer in mice (Bittner & Little, 1937) 


High-cancer 

Low-cancer 

Number of 

Percentage incidence of 

strain mother 

strain father 

progeny 

mammary’ cancer in progeny 

dba 

C57 

113 

39*8 

dba 

M. bad. 

69 

68*1 

A 

CBA 

44 

90*9 

C3H 

I 

36 

91-7 

dba 

C57 

7 

1000 

C3H 

N 

46 

97*9 


Table 159. Showing the relatively slight influence of the father in transmitting 
susceptibility to mammary cancer in mice (Bittner & Little, 1937) 


Low-cancer 

High-cancer 

Number of 

Percentage incidence of 

strain mother 

strain father 

progeny 

mammary cancer in progeny 

C57 

dba 

379 

61 

Ai. bad. 

dba 

27 

7-4 

CBA 

A 

16 

31-3 

I 

C3H 

10 

0*0 

C57 

dba 

67 

30 

N 

C3H 

18 

27-8 


BSH 


-23 
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Murray & Little (1939) have clearly established that the reduced liability to 
cancer which is effected by cross-breeding and persists in the second genera- 
tion is not attributable to genic agency. They crossed dba (HC) with C57 (LC) 
mice (Table 160). In the table it will be seen that although the chromosomal 
constitutions of the dBF-^ and BdFj^ females are identical, as also are those of the 
dBF2 BdF^, their liability to cancer differs considerably. 

Table 160. Showing transmission to the second generation of the non- 
chromosomal influence in the liability of mice to mammary cancer (Murray & 
Little, 1939) 


Number 
of mice 

Crossings 

Female 

Male 

Designation 
of offspring 

Percentage incidence 
of mammary cancer 
among females 

113 

dba 

C57 

dBFi 

39*82 

379 

CS7 

dba 

BdFi 

6*o6 

664 

dBFi 

dBFj 

dBFs 

35*54 

687 

BdFi 

BdFi 

BdF, 

5*96 


Apparently the predominance of other than chromosomal factors in trans- 
naitting a liability to mammary cancer is not confined to mice ; mankind has been 
found to present a similar familial tendency to mammary cancer (Wassink & 
Wassink van Raamsdonk, 1923 ; Waaler, 1932; Wassink, 1935), and this tendency, 
according to Greenwood in his abstract of Waaler’s paper, is not amenable to any 
simple Mendelian interpretation. The phenomena represent a type of inheritance 
which is nongenic (see also Pybus & Miller, 1935 and Little, 1936). 

Recently Passey (1942) has reported that an investigation carried out in Leeds 
by Miss Wainman has failed to reveal such a familial tendency to cancer of the 
breast in women as had been observed by the Norwegian and Dutch inquirers. 

The manner in which the nongenic factor of mammary cancer is transmitted from 
mother to offspring. Having shown that the liability of mice to mammary cancer 
is transmitted mainly by non-chromosomal agency, we may now consider how 
and when the transmission can take place. Korteweg (1936), when calling atten- 
tion to the nongenic nature of the transmission, gave reasons for thinking that the 
cytoplasm of the ovum might be the carrier; further work has suggested other 
explanations. The methods of conveyance may be considered in the light of three 
kinds of experiment, as quoted below. 

(a) Transference of fertilized ova, Bittner & Little (1937) transferred fertilized 
ova from high-cancer strain {dha) to the uteri of low-cancer strain (C57) 
mice. Among sixty-one dba females obtained in this way no tumours had ap- 
peared at the time the paper was written, though forty-one of the mice at that 
time had reached an average age of 14*5 months, that is to say an age at which 
tumours would have been expected in dba mice reared normally. The experiment 
seems to show that either the foster-mother had suppressed the tendency to 
mammary cancer which otherwise would have shown itself, or she had failed to 
supply some carcinogenic factor which the normal dba mother would have 
supplied. As will appear, the latter alternative seems to be the correct one. 

Fekete & Little (1942) transferred fertilized dba ova into C57 black females, 
and C57 black ova into the uteri of dba females, and noted the incidence of cancer 
in the subsequent generations of mice derived from these ova. In this way they 
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found that the modified incidence of cancer was continued to the 3rd generation 
(Table 161). 

Table 161. The incidence of mammary cancer in the descendants of mice 
which had been transferred as ova into the uteri of foster-mothers (Fekete & 


I St generation 2nd generation 3rd generation 



( ' ' ' 

Per- 

e 

-A ^ 

Per- 


Per- 


Number 

centage 

Number 

centage 

Number 

centage 


of 

with 

of 

'with 

of 

with 


breeding 

mammary 

breeding 

mammary 

breeding 

mammaiy 


females 

tumours 

females 

tumours 

females 

tumours 

dba ova transferred 
to C57 uteri 

97 

II -3 


8-7 

87 

1 6*0 

C57 ova transferred 
to dba uteri 

35 

62*8 

34 

82-3 

24 

7S'0 


(b) The transmission of the nongenic agent of mammary cancer by the mother^ s 
milk, A chance observation in America showed that susceptibility to cancer of 
the breast might be transferred from mother to young after birth by the act of 
suckling. An orphaned litter of mice belonging to a high-cancer strain was nursed 
by a foster-mother of a low-cancer strain and it was observed that tumours did 
not develop in these fosterlings according to expectancy. 

Bittner & Little (1937) transferred mice of a high-cancer strain (A) mother to 
the care of low-cancer strain foster-mothers with the result that the eventual 
incidence of cancer in the sucklings was much reduced. Some of their results are 
given in Table 162. 


Table 162. The influence of k foster-mother on the incidence of mammary" 
cancer in mice (Bittner & Little, 1937) 


Mammary cancer 

expectancy Strain of 

Strain of mother (°o) foster-mother 

Strong A 83*2 CBA 

Strong A 83*2 C57 


Mammary cancer 
expectancy in 
foster-mother’s 
strain 
(%) 

2-8 

1*7 


Incidence of 
mammary cancer 
in fostered A 
mice 
(%) 

23-1 

4*9 


In a later paper Bittner (1939 a) points out that the effect of transferring mice 
born of a high-cancer strain mother to a foster-mother of a low-cancer strain on 
the susceptibility to mammary cancer is only seen if the transference is made soon 
after birth. If the young are left with their high-cancer strain mothers for 2 or 
3 days before being handed over to the foster-mother their susceptibility to cancer 
still remains high. This fact is shown also by some experimental results obtained 
by Andervont & McEleney (1939). They used two strains of mice, namely C3H, 
in which spontaneous mammary cancer occurs in nearly 100 per cent of the 
females, and C57, in which the incidence of mammary cancer is less than i per 
cent. Newly born young of QH parents were given C 57 foster-mothers, and 
C57 young were fostered by C3H mice. As Table 163 shows, this fostering, if 
started within 17 hours of birth, reduced the incidence of cancer of the CgH mice 
from near 100 per cent to 25 per cent, and increased the cancer incidence in the 
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C57 mice from less than i per cent to 5*3 per cent. The table shows also that these 
effects decreased with the length of time during which the baby mice had been 
left with their own mothers. Andervont & McEleney (1941) removed C3H mice 
at full term from the uterus and placed them with C 57 black (low-cancer strain) 
foster-mothers. Among thirteen of such mice which lived to 15*3 months, no 
mammary cancer 'developed. Andervont, Shimkin & Bryan (1943) have found 
that the susceptibility of mice to the transmissible agent of mammary cancer 
begins to decrease soon after birth. 


Table 163. The influence of foster-mothers in transmitting susceptibility 
to mammary cancer in mice (Andervont & McEleney, 1939) 



Foster- 

Number 

Longest 
possible time 
with own 
mothers 

Number 

getting 

mammary 

Percentage 

Average 

tumour 

age 

Strain 

mother 

of mice 

(hours) 

tumours 

incidence 

(months) 

CaH 

C57 

12 

7 

3 

25*0 

13*1 

CaH 

£57 

16 

17 

4 

25-0 

15*9 

CgH 

C57 

19 

24 

12 

63*1 

13 

CaH 

C57 

4 

48 

4 

loo-o 

1 1 -2 

C57 

CaH 

19 

17 

I 

5*3 

20-5 

C57 

CaH 

15 

24 

2 

13*3 

17-7 

C57 

CaH 

10 

48 

I 

10*0 

20-0 


Bittner (1937^) showed that the reduced liability to cancer caused by trans- 
ferring newborn mice of a high-cancer strain to a foster-mother of a low-cancer 
strain was carried to the 4th generation. Mice of a high-cancer strain (A) were 
fostered by mothers of a low-cancer strain (CBA), and the incidence of cancer in 
these and in subsequent generations was recorded. The mice of the 4th generation 
still showed a reduced liability to cancer of the breast (Table 164). It appeared 
also that if in the course of time any of these fosterlings developed mammary 
cancer their offspring were more than usually liable to the same kind of neoplasia. 


Table 164. Persistence of foster-mother’s influence in lowering the incidence 
of mammary cancer in subsequent generations (Bittner, 1937^) 



Genera- 

tion 

Number 

Percentage in which 
mammary tumours 
appeared 

Female descendants of A mice which had been 

I 

9 

33*3 

nursed by CBA foster-mothers. The 2nd, 3rd 

2 

40 

35*0 

and 4th generations were nursed by their own 

3 

29 

6-9 

mothers 

4 

13 

15*4 


Total 

91 

23*1 


(c) Transmission of the nongenic factor of mammary cancer by living tissues. 
Further experiments have revealed that the mother’s milk is not the only medium 
by which the tendency to acquire mammary cancer later in life may be trans- 
mitted to the newborn young. Bittner (1939&, 1940^) took portions of liver, 
spleen or thymus from young high-tumour strain (A) females or portions of 
lactating mamma from older females of strain A and grafted these bits of tissue 
into baby mice of two groups, namely: 

(1) Low-cancer strain (C57 blacks) nursed by C57 females. 

(2) Low-cancer strain (C57 blacks) nursed by high-cancer strain (A) mothers. 
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Inocula of spleen, thymus or mamma, but not those of liver, transmitted 
susceptibility to cancer of the breast (Table 165). 


Table 165. Showing the capacity of tissue grafts to transmit susceptibility 
to mammary cancer in mice (Bittner, i939r) 


iv Strain (C 57) mice 

Grafted with tissue from 

Percentage of test mice in which 

numbers used) 

high-cancer strain (A) mice 

cancer of breast developed 

48 

-h 

2*1 

37 


13*5 

46 


21*7 

II 

+ 

i8*2 

586 


0-5 

104 

— 

10-6 

108 

— 

1-9 

II2 

— 

0 


Bittner (1940 J) showed that the tendency to mammary cancer transmitted by 
the mother’s milk to suckling mice is not limited to the first milk secreted but is 
present apparently during the whole period of lactation. The active influence 
conveying susceptibility to mammary cancer can be transferred, he says, to 
females at the age of 4 weeks by the oral administration of milk from mothers of 
a high-cancer strain. 

Woolley, Law 6c Little (1941), using QH mice whose liability to mammary 
tumours had been lowered by foster nursing, injected each of them when between 
I and 3 months old with 0*5 c.c. of whole blood from non-fostered male and 
female C3H mice aged from 2 to 4 months. These injections led to an increase of 
mammary cancer in the recipients, the incidence being 19-16 per cent as com- 
pared with 6*o6 per cent in the uninjected fostered controls. 

The various experiments mentioned above seem to show that whatever the 
nongenic transmissible factor may be which controls the susceptibility to cancer 
of the breast in mice of either sex it can be conveyed to the young by the mother’s 
or the foster-mother’s milk or by implanted tissues, and that it is transmitted to 
subsequent generations. 

Varying resistance to the transmissible factor. Anderv^ont (1940) found that 
some mice which normally had a low liability to spontaneous mammary cancer 
were yet very susceptible to the transmissible agent derived from foster-mothers 
of a high-cancer strain. For example, high-cancer strain (C3H) mice were fos- 
tered by low-cancer strain (C) mothers, and the young of C mice were fostered 
by mice of the C3H strain. The outcome showed that the C mice did not them- 
selves possess the transferable carcinogenic factor conveyed in milk but were very 
susceptible to it when it was conveyed to them by a foster-mother, whereas 
another non-cancer strain (C57 black) showed a relatively low response to the 
transmissible agent (Table 166). 

Murray (1941), also, has carried out experiments which suggest that some mice 
may be relatively resistant to the nongenic transmissible factor. By crossing C57 
and dba mice, and noting the effect of this factor on the incidence of mammary 
cancer in subsequent generations, IMurray showed that the C57 mice are less 
influenced by the factor than are mice of the dba strain. 
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Table i66. Showing the variable susceptibility of mice of different strains to 
the nongenic transmissible agent of mammary cancer (Andervont, 1940) 

Percentage of nurslings ultimately 


Nurslings 

Foster-mc 

j getting mancim 

c,a 

C3H 

100 

C,H 

C 

SO 

c 

C 

0 

c 

C3H 

64 

CS 7 

CsH 

14 

C57 

C57 

0 


Co-operation between oestrogen and the nongenic transmissible factor in the 
induction of mammary cancer. The nature and biological action of the nongenic 
transmissible factor are unknown, but experiments have demonstrated that 
its presence greatly facilitates and is perhaps essential for the development of 
mammary cancer under the influence of oestrogen. 

Lacassagne (193 3 A) observed that the facility with which mammary cancer 
can be induced in male mice by oestrogen depends on the strain to which they 
belong. Cancer of the breast, he found, is more readily induced in male mice 
belonging to a strain in which 72 per cent of the untreated females suffer from 
mammary cancer, than in males of a strain in which the incidence of spontaneous 
cancer in the females is only 2 per cent. In a later paper Lacassagne ( 1 93 5 A) mentions 
the following experience. Oestrone benzoate, in weekly injections of 0*3 mg., 
was given from the day of birth or soon afterward to male mice of two strains, 
one of which showed in the untreated females a high incidence of spontaneous 
mammary cancer and the other a low incidence. Among twelve males belonging 
to the high-cancer strain mammary cancer developed in eleven, the other one 
dying free from cancer in the 7th month. The first cancers appeared at 3 J and 
4^ months respectively and the last at 10 months. In contrast with these results 
were those obtained in six male mice of the low-cancer strain treated in the same 
way. At the end of 8 months all. the six males were alive without tumours, during 
the 9th month a mammary tumour developed in one and eventually between the 
1 2th and i8th months mammary cancer developed in all these mice. Clearly, 
individuals of the low-cancer strain were not quite refractory to the carcinogenic 
influence of oestrone, though they responded less readily than mice of the other 
strain. Bonser, Stickland & Connal (1937), by means of oestrone benzoate, in- 
duced mammary cancer in five among thirty-two female mice belonging to 
Little’s CBA strain in which spontaneous mammary cancer is rare. 

Lacassagne (1939 <2) has shown, moreover, that the liability of male mice to 
mammary cancer in response to oestrogenic action is transmitted in the same way 
as the liability of the female of the same strain to spontaneous mammary cancer. 
He crossed mice of a high-cancer strain (Rm) with mice (Agouti 39) among which 
no mammary cancer had occurred during 7 years. Soon after birth the young of 
these cross matings were given 507 of oestrone benzoate by injection once a week. 
Brothers and sisters of the generation were mated, and their offspring were 
treated with oestrone benzoate in the same way. The aptitude of oestrone ben- 
zoate to cause mammary tumours in these mice is shown, roughly summarized by 
the writer, in Table 167. 



MAMMARY CANCER 


359 

Table 167. The influence of parentage on the susceptibility of male mice to the 
induction of mammary tumours by oestrone benzoate (Lacassagne, 19395) 


Susceptibility of parent’s strain 

to spontaneous mammary cancer Mammary tumours induced 
^ males of Fi and F® genera- 


Generation 

Female 

Male 

tions by oestrone benzoate 

F^ 

Low 

High 


Ft 

High 

Low 


F^ 

High 

Low 

+ 


Similar results were obtained by crossing Rm mice with those of another strain 
(17 n.c.) in which no mammary cancer had occurred during ii years. 

Lacassagne (19396) has further reported that the mere transfer of a newly bom 
male of the low-cancer strain Agouti 39 to a foster-mother of strain Rni is enough 
to abolish the young mouse’s relative immunity from mammary cancer under the 
influence of oestrone. In a male of strain Agouti 39 suckled by an Rm foster- 
mother and treated with oestrone benzoate from the 13th day of life onward, 
mammary cancer appeared 182 days after the first administration (Lacassagne & 
Danysz, 1939). Twombly (1940) also has found that the liability to mammary 
cancer in response to oestrone can be controlled to some extent in males by 
suckling. The C 57 strain is highly resistant to the induction of mammary cancer 
by oestrogen (SuntzeflF, Burns, Moskop & Loeb, 1936). The Rm strain is highly 
susceptible to this form of cancer induction. Twombly transferred newly bom 
male C57 mice to Rm foster-mothers, and when they were 10 days old gave them 
implants of oestrone (0*07 to o*i8 mg.). In twenty-seven males of the C 57 strain 
so treated mammary tumours had already appeared in nine, fourteen of the other 
mice being still alive when the paper was written. Bittner (1941) allowed nurs- 
lings of high-cancer strain mice (CgH and A) to be fostered by mothers of low’- 
cancer strains (C57 black and CBA). When the mice so fostered were betw^een 4 
and 6 weeks old they were given subcutaneous implants of 2 mg. of oestrone or 
1*5 mg. of oestradiol benzoate. None of the mice nursed by the low-cancer strain 
foster-mothers eventually had mammary tumours, in spite of the fact that they 
belonged genetically to high-cancer strains, were subjected to a large dose of 
oestrogen and w’-ere known to be susceptible to its carcinogenic action in the 
presence of the unidentified transmissible factor. 

Comparable results have since been obtained by many workers in different 
parts of the world and the contrasting degrees of susceptibility among the various 
strains of inbred mice to the induction of mammary cancer by oestrogen have been 
completely established, and mice of the various strains are now available to any 
investigator who intends to work at the problem. 

The nature of the nongenic inherited factor of mammary cancer. From the ex- 
periments quoted it seems that whatever the nongenic factor may be, its presence 
is usually required for the production of mammary cancer by oestrogen. Perhaps 
the agent may be a virus, using this term in the sense of a self-multiplying protein 
particle. To assume that it multiplies after introduction into the living body seems 
justified, for its continued influence through successive generations is difficult 
otherwise to understand. Moreover, experiments have sho-wm that its dimensions 
are compatible with its being a virus. Visscher, Green & Bittner (1942) extracted 
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lactating mammary tissue from high-cancer C3H mice with distilled water and 
centrifuged the material, first at 15,000 r.p.m. and then at 40,000 r.p.m. for 
I hour. The various fractions were tested by administering them to CgH mice 
which had been suckled by foster-mothers of a low-cancer strain, and noting the 
eventual incidence of mammary cancer. The sediment obtained by the second 
spinning was the most potent in leading to cancer of the breast, and the results 
indicate, they say, that the agent is a colloid of high molecular weight and may be 
a virus, 

Bryan, Kahler, Shimkin & Andervont (1942) found that the transmissible 
factor could be largely, though not completely, sedimented from mouse’s milk by 
centrifuging it for i hour at 60,000 times the force of gravity. 

As Lacassagne (1935 i) has pointed out we cannot, when discussing the induc- 
tion of mammary cancer by oestrogen, distinguish between ‘susceptible’ and 
‘insusceptible’ strains of mice, because the difference between the different strains 
is one of degree only. 

Another point to which attention may be redirected is that a high incidence of 
mammary cancer in the females is accompanied by a high susceptibility among the 
males of the same strain to the carcinogenic action of oestrogen. In strains in 
which the females are but little subject to spontaneous mammary cancer, the 
males are resistant to the carcinogenic action of oestrogen on the mammae. 

The ovary is not the source of the nongenic hereditary agent of mammary cancer. 
Reference may be made to an interesting experiment by Little (1936), in which 
he found that the ovary of a low-cancer strain mouse may be effective in causing 
mammary cancer in a male of a high-cancer strain. From this it appears that the 
susceptibility to mammary cancer, as distinct from the oestrogen by which it is 
caused, is not referable to the ovary. 

There seems to be no evidence that the nongenic transmissible agent of 
mammary cancer takes any part in the causation of uterine cancer under the 
influence of oestrogen (Allen & Gardner, 1941). 

(ii) THE GENIC FACTOR IN SUSCEPTIBILITY TO MAMMARY CANCER 

Although the greater part of the liability to cancer of the breast in mice appears 
to pass from one generation to the next otherwise than by genes, there is clear 
evidence of some genic agency. The paternal influence in the transmission of sus- 
ceptibility to mammary cancer, which was noticed by Lathrop & Loeb (1918) to be 
small though not negligible, is genic. Proof of this was adduced by Cloudman & 
Little (1936), who crossed male mice of two different low-cancer strains (C57 and 
Zavadskaya’s brachyuric strain) with the same high-cancer strain {dba) females 
and found that the incidence of mammary cancer in the virgin females varied 
according to the strain to which the father belonged. Korteweg (1936) came to 
the same conclusion. He crossed high-cancer strain [dbd) mice with mice of a 
low-cancer strain (Csy) and noted that the offspring of a dba 5 x C57 $ cross 
showed a high-cancer incidence, whereas those of a C 57 $ x dba $ cross had a low 
incidence, but not so low as that shown by the offspring of a C 57 $ x C 57 pair. 

Bittner (1940 a) and Andervont (1940) have both concluded from breeding 
experiments that the genic factor is inherited as a mendelian dominant. 
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In what way this chromosomal factor favours mammary cancer has not been 
completely elucidated. The effect which it produces may be defined loosely as a 
predisposition to mammary cancer. Andervont & McEleney (1941), by back- 
crossing mice, the female progeny of C3H x I or Y mice, with I or Y males, 
obtained results which seemed to show that the genic factor largely controls the 
susceptibility of mice to the nongenic inherited factor of mammarj^ carcinogenesis. 

Whatever the nature of the genic influence may be, it appears to regulate the 
degree of susceptibility of the organism to the carcinogenic action of one or other 
or both of the two main factors. Its share in carcinogenesis may vary in nature and 
degree in different strains (Heston & Andervont, 1944). 

Summary, From the experimental work quoted it seems that mammary cancer 
is caused by the conjoint action of three factors: (i) oestrogen, (ii) a nongenic 
agent, perhaps a virus, transmissible to the offspring through the mother’s milk, 
and (iii) a genic, mendelian dominant factor which controls to some extent the 
susceptibility of the individual to the other two essential agencies. All three 
factors are required for the induction of mammary cancer. If oestrogen is given 
to males which already have factors (ii) and (iii) they probably will become sub- 
ject to mammary cancer, but if factor (ii) is missing they will probably remain 
free. Thus oestrogens usually fail to evoke cancer in male mice of the C57 black 
strain. If, however, newborn mice of this strain are fostered by Rni mothers they 
become amenable to the production of breast tumours by oestrogen, and more- 
over show a higher incidence of the disease in response to oestrogen than do Rm 
males fostered by C57 blacks. These results suggest that the C57 blacks, when 
nursed by their own mothers, remain free from mammary cancer, in spite of being 
more susceptible to the carcinogenic action of oestrogen than the Rm mice, 
because the nongenic transmissible factor is absent. 

The development of mammary cancer depends not only on the mere presence 
of the three factors named. An individual may have all these etiological factors 
and yet remain free from cancer of the breast. This has been demonstrated by 
experiments, which show that the effectiveness of oestrogen as a cause of mam- 
mary cancer depends not alone upon its presence but also upon its quantity and 
on the environmental conditions. 

The Search for Recognizable Differences betw^een Mice of 
High and Low Susceptibility to Cancer of the Breast 

Mammary cancer in mice being largely confined to certain strains, it is natural to 
seek some characteristic by which to distinguish mice liable to mammary cancer 
from those that are not. Much work has been done for this purpose with dis- 
appointing results. At present there are no criteria, apart from a knowledge of its 
ancestry and nurture, by which the liability of any particular mouse to cancer of 
the breast can be foretold. Some of the attempts to elucidate the problem will 
now be considered. 

{a) The oestrous cycle. Various workers have attempted to find some demon- 
strable difference between the oestrous cycles of mice belonging to strains with 
a high- and a low-cancer incidence respectively, Harde (1934) noted that mice of 
a low-cancer strain had a normal oestrous cycle, whereas the mice of two high- 
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cancer strains had a more prolonged oestrum. Brunschwig & Bissel (1936) com- 
pared the cycles of the C57 black (low-cancer strain) with those of dba (high- 
cancer strain) mice and found that more oestrous cycles occurred within a given 
time in the former than in the latter. It appears, however, that the differences so 
recorded are casual and not associated with any special liability to, or immunity 
from, cancer of the breast; for the collected observations of several workers 
carried out on many different strains do not indicate any peculiarity of the oestrous 
cycles generally associated with a liability to mammary cancer. Loeb & Genther 
(1928) came to this conclusion and their findings have since received firm support 
(Bonser, 1935 a, 6; Lacassagne, 1936 Burns, Moskop, Suntzeff & Loeb, 1936; 
Simpson, 1936). Bonser (1935 a, b) compared the oestral behaviour of two strains 
of mice, one (Bagg albinos) showing a high incidence of cancer of the breast and 
the oth^r (Black agoutis) a low incidence, and she found but little difference be- 
tween the two. The average duration of the cycles in the high-cancer strain was 
5*7 days and in the low-cancer strain 5*8 days. A slight difference was observed 
in the vaginal reactions to oestrone, the low-cancer strain showing a slightly 
greater reactivity than the other. The mice used in this test had been spayed. 
Her findings are set out in Table 168. 

Table Is68. The absence of relationship between the duration of oestrous cycles 
or of oestrum and mammary cancer in mice (Bonser, 1935 i>) 


Age 

Number 
of mice 

Strain 

Average duration of 
oestrous cycle 
(days) 

Average duration of 
vaginal cornification 
(days) 

Young 

33 

High-cancer strain 

5*7 

2‘2 

Young 

26 

Low-cancer strain 

5*8 

2-4 

Old 

10 

High-cancer strain 

8-3 

1-8 

Old 

5 

Low-cancer strain 

6-4 

2*3 


Burns, Moskop, Suntzeff & Loeb (1936) noted the total period of vaginal 
keratinization during 32 days in ten different strains of mice, and found that, 
although the length of the sexual cycle differs much in different strains, no re- 
lationship can be seen between the character of the sexual cycle and liability to 
mammary cancer. Wolfe, Burack & Wright (1940) investigated the matter in rats, 
using a strain in which spontaneous mammary tumours are frequent and com- 
paring their oestrous cycles with those of non-tumour-bearing rats. Daily 
vaginal smears were taken from fifty rats of each group and no correlation was 
d etected between oestral characters and the tendency to have mammary tumours. 

{b) The duration of sexual activity as shown by oestrous cycles. Concerning mice 
the writer does not possess any data referring to this matter. In women it has 
been thought that a prolongation of sexual life favours the development of 

Table 169. The age of the menopause in women over 50 years old 
with mammary cancer (Olch, 1937) 


Menopausal age Numt 

Under 40 10 

40-44 41 

45-49 104 

50 and over 187 


Total 342 
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mammary cancer. Olch (1937) collected 342 instances of women who first sought 
advice for cancer of the breast when they were over 50 years old. Half of these 
women (54*7 per cent) were still menstruating or had continued to do so till the 
age of 50. This fact Olch regards as significant. His figures are given in Table 169. 

(c) The vaginal response to oestrogens. The varying sensitivity of the vagina 
to oestrogen among mice of inbred strains has also been investigated to discover 
whether animals prone to mammary cancer respond differently from mice not 
prone to this form of neoplasia. Although the various strains do not all react 
exactly alike it has not been possible to associate the differences with any sus- 
ceptibility or insusceptibility to cancer. Lacassagne (1934^) noticed that smaller 
doses of oestrone caused vaginal comification in mice of the high-cancer strain 
Riii than were required to cause the same change in the low-cancer xvii mice. In 
contrast with this result Bonser (1935 a, i), using other strains than those on which 
Lacassagne's inquiry was made, found that the vaginal response to oestrone was 
more readily induced in mice of a low-cancer strain (Black agoutis) than in those 
of a high-cancer strain (Bagg albinos), though the difference was small. Van 
Gulik & Korteweg (1940) reported similar results. They compared the vaginal 
reactions to oestrone of dha (high-cancer strain) and C 57 (low-canoer strain) 
mice, and found that the vaginas of the C 57 mice reacted to oestrone more readily 
than those of the dba strain. 

(d) The appearance of oestrogenic phenomena in spayed mice of high-cancer 
strains. Woolley, Fekete & Little (1940) have reported a remarkable difference 
between the mice of certain distinct strains. Mice of two high-cancer strains 
{dba, C3H) and one low-cancer strain (C57 black) were spayed on the day after 
birth. Vaginal opening usually occurred in these mice only a few days later than 
in littermate controls, though in some of the C57 mice the vagina never opened, 
and in others the aperture remained very small. After they were a year old 
examination of the mice revealed a notable difference between those of the low- 
cancer and those of the high-cancer strains. In the latter the uteri had become 
enlarged so as to exceed those of normal females, and the uterine glands were 
highly developed and sometimes cystic. In C 57 mice little or no mammary de- 
velopment had taken place, whereas in mice of the high-cancer strains the breasts 
were well developed. These and other differences, which are crudely summarized 
by the writer in Table 170, suggest that, although spayed, the mice of the two 
high-cancer strains had been continuously subjected to oestrogen, possibly 
derived from the adrenals. 

Table 170. The relative conditions of the accessory reproductive organs in 
spayed mice of high-cancer and low-cancer strains one year after spaying 
(Woolley, Fekete & Little, 1940) 

Cyclical Occasional 


Strain of 

Susceptibility to 

Vagina 

vaginal 

Endometrial 

Breasts 

cancer of 

mouse 

mammary cancer 

open 

comification 

hyperplasia 

developed 

breast 

dba 

High 

+ 

+ 

+ 

4- 

4- 

C 3 H 

High 

4- 

+ 

4- 

• -h 

-4- 

C57 

Low 

+ - 

— 

__ 

+ - 

_ 


{e) The metaholism and excretion of oestrogen. Pincus & Graubard (1940) gave 
single intramuscular injections of 2- 1 mg. of oestrone to seven patients who had 
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cancer of the cervix, and then assayed their urines for oestrone and oestrioL No 
oestriol was excreted; the same result was obtained if the injections of oestrone 
were accompanied by 10 mg. of progesterone. Normal women showed an in- 
creased excretion of oestriol after similar injections. Ross & Dorfman (1941) 
assayed the urine of four patients with mammary cancer, and found that there 
was no excess of oestrogen nor deficiency of androgen. Aub, Karnofsky & Towne 
(1941) failed to discover any significant difference in the urinary output of oestro- 
gen or 17-ketosteroids by mice of a high-cancer strain (C3H) as compared with 
mice of a low-cancer strain (C57). 

It is conceivable that a defective activity of the liver or kidney by delaying the 
metabolism or excretion of oestrogen might favour the induction of cancer of the 
breast. 

(/) Dijferences in the development of the mamma, Gibson (1930) compared the 
development of the mammae in mice of high- and low-cancer strains. The latter 
displayed a more rapid and abundant branching of the lactiferous ducts and a 
better development of alveoli ; and in advanced age the gland involuted normally. 
In the high-cancer strain mice the alveolar development was not so good and as 
age advanced the duct epithelium tended to metaplasia rather than involutional 
atrophy. Gardner & Strong (1935) compared the mammary development in ten 
different strains of mice, five of which had a high and five a low incidence of 
mammary cancer. They were unable to detect any structural feature in the mamma 
which could be associated with the predisposition to cancer. Bonser (1936) 
thought that a difference could be recognized between the responses of the mamma 
to oestrogens in male mice belonging to a high- and a low-cancer strain re- 
spectively. In the latter there was a greater tendency to the development of 
acini, and she thought that the mice in which mammary cancer was most likely 
to develop were those in which acinous growth was deficient. Her observations 
accord with those of Gibson. 

[g) Are mice of high-cancer strains more susceptible generally to carcinogenic 
agents than mice of low-cancer strains? The reaction to tar of mice belonging to 
high-cancer and low-cancer strains was compared by Lynch (1925), who found 
that tar produced tumours with equal readiness in the two strains ; mice in which 
mammary cancer had already developed spontaneously reacted to the neoplastic 
influence of tar on the skin in the same way as other mice. Kreyberg (1935) also 
inquired into this matter. He applied tar to the skin of a large number of mice 
belonging to high-cancer and low-cancer strains. Tar tumours appeared later and 
in a lower percentage in both males and females of the high-cancer strain than in 
those of the low-cancer strain. We may conclude therefore that a high incidence 
of mammary cancer is not correlated with an enhanced general responsiveness to 
carcinogenic agents. 

{h) Adrenal degeneration. Cramer & Horning (1937 <3, 1939^2, believe 
that adrenal degeneration is a visible sign of susceptibility to mammary cancer 
and that in mice of high-cancer strains the degeneration affects mainly the 
medulla. Neither of these opinions has received general support. Degeneration 
of the adrenal cortex is not a pronounced feature in mice of the C3H and dha 
strains in spite of a high susceptibility to cancer of the breast. The advanced 
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condition of adrenal degeneration seen in Rm mice seems to be a peculiarity of that 
strain. References bearing on the matter are Dobrovolskaya- Zavadskaya & 
Zephiroff (1938), Dobrovolskaya-Zavadskaya & Pezzini (1939), Kreyberg & Eker 
(^ 939 )j Kreyberg (1939), Bonser (1939), Bonser & Robson (1940). 


Subsidiary Factors in Mammary Carcinogenesis 

(a) Reproduction and Lactation. Human statistics have shown that cancer of 
the breast has a higher incidence in unmarried and childless wnmen than in those 
who have had babies (Lane-Claypon, 1926; Dublin & Lotka, 1935). Observers 
have differed as to whether, in mice, mammary cancer is more frequent in 
breeders or non-breeders. Lathrop & Loeb (1913, 1916), Cori (1927), Marsh 
(1929), Murray (1937), Suntzeff, Bums, Moskop & Loeb (1936) have all stated 
that mammary cancer occurred in their mice more frequently and earlier in 
life among breeders than among non-breeders. Slye (1916) records that in her 
stock cancer of the breast was about equally common in mated and unmated 
females, but appeared at a slightly younger age in the virgins. Pybus & Miller 
(1936), whose mice were derived from the Lathrop & Loeb stock, found no signi- 
ficant difference in the age at which mammary cancer developed in breeders and 
non-breeders. Bonser & Connal (1939) and Andervont & McEleney (1939) have 
recorded a greater incidence of mammary cancer in non-breeding mice. These 
discrepancies cannot all be attributed to racial peculiarities in the mice (Table 
171) and one must conclude that they may have been the result of differences in 
the circumstances in which the mice were kept. 


Table 171. Varying incidence of mammary tumours in breeding and 
non-breeding mice of the C3H strain 

Breeders Non-breeders 


Authors 

Average age 
when tumour 
appeared 
(months) 

Percentage in 
which mammary 
tumours 
appeared 

Average age 
wEen tumour 
appeared 
(months) 

Percentage in 
w^hich mammary 
tumours 
appeared 

Suntzeff, Burns, Moskop 
& Loeb (1936) 

10*9 

6o-8 

9 

2-5 

Andervont & McEleney 
(1938) 

8-5I-I0-50 

78-100 

11.5_13.33 

92-8-100 

Andervont & McEleney 

9’5 

51 

11-5 

71 


(1939) 

It has been suggested that the age at which pregnancy first occurred, or the 
number of pregnancies, might affect the incidence of mammary" cancer, but 
Murray (1934), studying the dba strain of mice, found no support for these sug- 
gestions. The writer, too, in the same strain observ^ed no correlation betw’een the 
incidence of cancer and the number of litters produced (Table 172). 

Bagg (1936) and Bagg & Hagopian (1939) reported that rapid breeding, 
suckling being prevented, caused an increased incidence of mammary tumours in 
mice and rats, but Little & Pearsons (1940) with the same strain of mice (C57) 
as that used by Bagg obtained a different result. Bagg (1926) thought that the 
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Table 172. The incidence of manamary tumours in dba mice in 
relation to littering (Burrows, unpublished work) 


Number of 

Number of 

Number of mothers in which 

litters 

mothers 

cancer of the breast developed 

0 

3 

3 

I 

6 

6 

2 

II 

II 

3 

17 

II 

4 

18 

15 

5 

16 

IS 

6 

7 

7 

7 

5 

4 

8 

2 

2 

9 

I 

I 

10 

I 

I 


In two of these mice sterility was due to the early death of their mates, and in the third a 
genital malformation (hypospadias) was present. 

prevention of suckling increased the liability to cancer in breeding mice; Bittner 
(1937) was unable to confirm this. The retention of secretion in the mammary 
ducts has been thought to favour the development of cancer (Adair & Bagg, 
1925). Others have failed to confirm this opinion (Suntzeff, Burns, Moskop & 
Loeb, 1936; Fekete & Green, 1936). Fekete & Green suggested that blockage of 
the ducts might perhaps determine the site of a cancer though it would not cause it. 
In this connection it may be noted that oestrogen has been detected in colostrum 
and in some mammary cysts (Lacassagne & Nyka, 1934). Lewis & Geschickter 
(1934) found 6 r.u, of oestrogen per gram in a rat fibroadenoma. Mohs (1937) 
failed to find any such concentration of oestrogen in mammary fibroadenomata. 

The foregoing summary seems to show that lactational activity has little, if any, 
part in the etiology of mammary cancer. 

(A) Diet and nutritiom Several kinds of food deficiency will check the oestrous 
cycles, the growth of the mamma in response to oestrogen, and the development 
of mammary cancer. For brevity these inhibitory effects of malnutrition will be 
considered together. 

It has been noticed that if rats or mice are kept on a diet which is adequate in 
kind but deficient in amount the oestrous cycles will be checked (Evans & Bishop, 
igzza; Asdell & Crowell, 1935; Tannenbaum, 1942), the mammae will fail to 
develop under the influence of oestrogen (Astwood, Geschickter & Rausch, 1937; 
Trentin & Turner, 1941), and the incidence of mammary cancer will be reduced 
(Rous, 1914; Tannenbaum, ig^oa^b). In Tannenbaum’s (1942) experiment the 
incidence of mammary cancer was increased by the addition of 1-4 g. of starch 
daily to the restricted food supply of each mouse. 

The oestrous cycles and appearance of mammary cancer may be checked also 
by a lack of certain aminoacids in the food, namely lysine (Evans & Bishop, 1922 a ; 
Courrier & Raynaud, 1932 ; Bittner, 1935 ; Pearson, 1937 ; Voegtlin & Thompson, 
1936; Voegtlin & Maver, 1936), cystine and methionone (Osborne & Mendel, 
1916; Voegtlin, Johnson & Thompson, 1936; Morris & Voegtlin, 1940) and 
pantothenic acid (Morris & Lippincott, 1941). 

Unfortunately the nutritional disturbances caused by these dietetic restrictions 
prevent their use for prophylactic purposes in man. 
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Attempts to Prevent Mammary Cancer 

We may briefly consider the possibility of applying preventive measures against 
human mammary cancer in the light of knowledge gained by studying the disease 
in animals. 

Heredity, The control of human mating so as to reduce the chance of mam- 
mary cancer in the offspring would, of course, be impracticable even if it were 
desirable. Some thought, however, might be given to the nongenic inheritable 
agent and it seems justifiable to propose that any mother whose family history 
suggests the presence of the transmissible agent of mammary cancer ought not 
to nurse her own female child. This is not an entirely new idea, for Haddow 
(1942) quotes the following from a French thesis by Rouzet (i8i8): ‘L’heredite 
du cancer une fois reconnue, on voit de quelle importance il est de remettre 
Tenfant nouveau ne a une nourrice etrang^re, lorsque la mere a presente, soit 
avant, soit pendant la grossesse, quelques symptomes cancereux; puisqu’il n’est 
gu^re douteux qu’elle ne communiquit a son nourrison en Tallaitant, cette dis- 
position au cancer k laquelle ii avait peut-etre echappe pendant I’epoque de la 
gestation.’ 

Curtailment of oestrogen. It seems likely that if we could reduce the formation 
of oestrogen in the body or hasten its inactivation or*excretion we might retard 
the development of mammary cancer. Limitation of the production of oestrogen 
by hypophysectomy, spaying, or severe restriction of diet, are not practical 
measures. There may be, however, some prospect for chemotherapy. Lacassagne 
(1939^, h) and Nathanson & Andervont (1939) have shown that mammary cancer 
in mice may be largely prevented by the continued administration of testosterone 
propionate (Table 173). It seems conceivable that some prophylactic measure, 
applicable to man, may one day evolve from this observation. 

Table 173. The incidence of mammary cancer in C3H mice receiving large 
doses of testosterone propionate (Nathanson & Andervont, 1939) 

Number with Percentage incidence 
Treatment Number mammary cancer of mammary cancer 

1-5 mg. testosterone propionate weekly 20 6 30 

None 20 20 100 



Chapter XIX. The Effects of Oestrogen on 
Connective Tissues and Skin 

General Growth and Bodyweight. Skeleton. Adipose Tissue. Muscle. Skin. Induction 
of Sarcoma. 

General Growth and Bodyweight 

In most mammals the male is larger than the female. Stotsenburg (1909, 1913) 
and others have shown that this difference is caused by ovarian action. Stotsen- 
burg found that castration of male rats early in life had little or no effect on the 
subsequent growth curve, whereas the female spayed at the same period grows 
to a larger size than her intact sister. These observations have been supplemented 
by Steinach & Holzknecht (1916), who interchanged the gonads of young male 
and female littermate guinea-pigs, implanting testes into spayed females and 
ovaries into castrated males. The males bearing ovaries failed to attain the general 
dimensions or weight of normal males or females and the females grafted with 
testes grew to an unusual size — larger in fact than normal untreated males 
(Table 174). 

Table 174. The effect of interchanging the gonads between the two sexes on 
the ultimate bodyweight of guinea-pigs (Steinach & Holzknecht, 1916) 


Subject 

Bodyweight 

(g-) 

Normal female 

84s 

Normal male 

1,002 

Spayed female with grafted testis 

1,200 

980 

Normal male 

Normal female 

808 

Castrated male with grafted ovary 

516 


Moore (1919) repeated the experiments and confirmed the observations of 
Steinach & Holzknecht on the guinea-pig. Moore (1922) also noticed that rats 
which had been spayed during infancy grew larger than normal females, whereas 
castration of males had the opposite effect. 

Bugbee & Simond (1926) showed that repeated injections of a follicular extract 
retarded growth in male and female rats, whether their gonads had been removed 
previously or not. Riddle & Tange (1928) observed a similar effect of oestrogen 
prepared from sows’ follicular fluid on the growth of pigeons. Wade & Doisy 
(1931), Spencer, D’Amour & Gustavson (1932a, i) and Spencer, Gustavson Sc 
D’ Amour (1931) obtained the same results with oestrin in both male and female 
rats. The last named used twenty-four rats derived from three litters and divided 
them into two groups each containing six males and six females. As soon as they 
were weaned treatment was begun, Group I receiving 40 r.u. of oestrin in olive oil 
subcutaneously every other day, Group II being given olive oil only on the same 
occasions. The effect of this treatment on the general bodyweight is shown in 
Table 175. 

Korenchevsky & Dennison (1934) gave to three groups of immature male rats 
20, 60 or 100 i.u. of oestrin daily for a period of 43 days. At the end of this time 
the ratios of weight increase in the oestrin-treated rats compared with controls 
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Table 175. The effect of oestrone on the bodyweight of rats 
(Spencer, Gustavson & D’Amour, 1931) 

Total weight of group 
at end of treatment Percentage gain 
Treatment (g.) in weight 

Group I Oestrin in olive oil 1,051 211-0 

Group II Olive oil only 1,348 262*3 

which had received no oestrin were 88 : 127, 83 : 114, and 86 : 127 in the three 
groups respectively. 

In a snaall experiment by the writer ten male mice of an inbred (Strong A) 
strain were used. They were between 5 and 6 weeks old and were divided into 
two batches of five. Twice a week one batch received cutaneous applications of 
testosterone (o* i per cent) and oestrone (o* i per cent) dissolved in benzene, and 
the other batch received applications of testosterone (o-i per cent) only. At the 
end of 63 days the mice which had received oestrone in addition to testosterone 
were found to weigh less than those which had received testosterone alone 
(Table 176). 

Table 176, The effects of oestrone on bodyweight in naaJe noice (Burrows) 

Average bod5rweight Average bodyweight at 
^ before treatment end of treatment 

Treatment (g.) (g.) 

Testosterone Oestrone 23*5 23*1 

Testosterone only 22-4 26*6 

An inhibitory influence on bod3rweight is displayed by synthetic oestrogens, 
for example diethylstilboestrol (Gaarenstroom & de Jongh, 1939; Gaarenstroom 
& Levie, 1939; Noble, 1939). Noble implanted into rats various synthetic 
oestrogens in a dry form and noticed that they checked the rate of bodygrowth to 
a greater degree in females than in males and that this effect was not pronounced 
until a weight of between 100 and 120 g. had been reached, after which the body- 
growth became much retarded. 

It seems that the growth-checking action of oestrogen is to some extent at least 
the result of an inhibition of hormone production by the pituitary. Reece & 
Leonard (1939) removed the ovaries and pituitary from immature rats and 5 days 
later gave them eleven daily pituitary implants as follows : 

Three received pituitaries from normal adult females and two w^ere given 
pituitaries from normal adult males. 

Five received pituitaries from oestrogen treated females and one w^as given 
pituitaries from oestrogen treated males. 

The oestrogen treatment of the donors consisted of 10 daily injections of 20 r.u. 
of oestradiol. The results, set out in Table 177, show a reduction of the growth- 
promoting influence of the pituitaries of rats under treatment with oestradiol. 

Gaarenstroom & Levie (1939) found that the general growth of immature rats 
could be arrested almost completely by daily doses of 200 or 2507 of stilboestrol. 
This inhibition of growth was overcome by giving pituitaiy’' growth hormone at 
the same time as the stilboestrol. Gaarenstroom & Levie do not think, however, 
that these results must mean that the inhibition of bodygrowth by oestrogen is the 
direct consequence of a suppression of the supply of growth hormone from the 
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Table 177. The effects of oestradiol on the growth-promoting influ enpe of the 
pituitary as shown by implantation in hypophysectomized rats (Reece & Leonard, 

1939) Mean bodyweight of recipients 


At beginning of At end of 
Source of implanted Number experiment experiment 

pituitaries of recipients (g.) (g.) 

None (controls) 5 65 63 

Normal rats 5 67 84 

Oestrogen-treated rats 6 68 71 


Weight of implanted 
pituitaries 
(mg.) 


(The larger weight of the pituitaries derived from the oestrogen- treated rats will be noted.) 


pituitary; the inhibition of growth might be due, they suggest, to an interference 
by oestrogen with the growth of bone at the epiphyses. Freud, Levie & Kroon 
(1939) point out that after hypophysectomy the membrane bones grow normally 
whereas long bones do not, and they believe that the terms ‘growth hormone' 
and ‘ chondrotrophic hormone* are synonymous. 

Griffiths & Young (1942) checked the growth of rats by hypophysectomy or 
by the subcutaneous implantation of 15 mg. of diethylstilboestrol. Thereafter 
pituitary extracts were given and records were kept of the bodyweight and rate 
of growth of the tail. , It was found that whereas after hypophysectomy and the 
administration of pituitary extracts the increase in bodyweight and tail-growth 
were in constant proportion, this was not the case in rats which were treated by 
diethylstilboestrol and given the same pituitary extracts, a result which suggests 
that the arrest of growth cannot be explained by the lack of pituitary hormone 
only, nor attributed entirely to a deficiency of chondrotrophin. 

Whether the result is brought about by an arrest of the supply of growth 
hormone or of chondrotrophin, or by some other cause, the fact remains that 
oestrogens restrain the general growth of the body. 


Skeleton 

(a) Length of bones. There is little doubt that the effect of oestrogen on the 
bodyweight as just described is largely the result of bony changes. Students of 
human anatomy have noticed a precocity of skeletal development in the female 
compared with the male. This precocity appears in two forms, namely (i) an 
earlier establishment of some of the centres of ossification, and (2) an earlier union 
of epiphysis and metaphysis. Frazer (1920) in his textbook of human anatomy 
states that the centres of ossification in the carpus appear from a few months to 
a year earlier in the female than in the male, and as examples of female precocity 
in the junction of the epiphyses to the bodies of the bones he mentions that epi- 
physeal union occurs at the lower end of the radius 6 months, at the lower end of 
the ulna i year, in the phalanges i year, and in the metatarsus 2 to 3 years earlier 
in the female than in the male. The secondary centres of ossification in the human 
vertebrae also appear earlier and reach full development sooner in girls than in 
boys. According to Beadle (1931) these centres of ossification have been seen as 
early as the 9th year in girls, whereas in males they have not been seen till the 
14th year. The youngest age for completion of the bony epiphyseal rings in girls 
is 13 years and in boys 16 years, and their complete union with the vertebral 
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bodies occurs also soonest by some years in the female sex. As the growth of a 
bone in length ceases when the epiphysis unites with the shaft, the fact that such 
union occurs earlier in the female than in the male accounts largely and perhaps 
entirely for the greater stature of the latter. 

Steinach & Holzknecht (1916) demonstrated that the difference between the 
two sexes in skeletal growth is due to ovarian action. They grafted ovaries ob- 
tained from female guinea-pigs into castrated male littermates and after the 
animals had attained full growth various elements of the skeleton were measured. 
Some of the measurements are shown in Table 178. 


Table 178, The effect of ovarian implants on the length of bones in the 
castrated male guinea-pig (Steinach & Holzknecht, 1916) 

Measurements of bones 


Part of skeleton 

Tibia 

Femur 

Ulna 

Humerus 

Vertebral column 

Pelvis 


Castrated brother 

Normal male Normal sister grafted with ovary 
(mm.) (mm.) (mm.) 

44 40 38 

3b 33 31 

33 31 39 

31 28 26 

160 148 136 

47 43 38 


It will be noticed that the effect produced on the bones by the ovary growing 
in the castrated male is greater than that of the ovary growing naturally in the 
female. The counterpart of this effect was noticed, inasmuch as the spayed females 
carrying grafted testes grew to greater dimensions than normal males. Spencer, 
D’ Amour & Gustavson (19326) obtained the same effects on the length of bones 
in rats by injections of oestrin. They used nine litters comprising fifty-one indi- 
viduals and divided them into two groups of males and two of females ; one group 
of each sex received daily 20 r.u. of oestrin in olive oil. The other groups were 
given olive oil only. The average lengths of the femora in the four groups at the 
end of the experiment are shown in Table 179. 


Table 179. The effect of oestrin on the length of the rat’s femur 


(Spencer, D ’Amour & Gustavson, 1932) 


Average length of femur 


Normal 

male 

(mm.) 

30-4 


Oestrin-treated 

male 

(mm.) 

28*7 


Normal 

female 

(mm.) 

28-7 


Oestrin -treatejd 
female 
(mm.) 

26* 5 


Zondek (1936^) has reported similar results in rats treated with oestrin, their 
long bones being shorter than those of untreated controls. The length of other 
long bones and of the skull showed similar changes. 

That the reduced length of bones under the influence of oestrogens is due to a 
premature union of the epiphyses with the shafts has been demonstrated in dogs 
by Tausk & de Fremery (1935) and by Gardner & Pfeiffer (1938^2) in mice. This 
effect was observed also in the vertebrae of the rat’s tail by Levie (1938), who 
treated two groups of castrated male rats, 42 days old and weighing 80 g. at the 
start, with daily doses as follows: Group I, 5007 of oestradiol; Group II, 5007 
of testosterone. Other rats of the same age were used as untreated controls. At 


24-2 
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the end of 14 days the tails of the rats treated with oestradiol had grown less than 
those of the control or the testosterone-treated animals (Table 180). Premature 
union of the epiphyses was found to be the cause of this diminished tail-growth. 

Table 180. The effect of oestrogen on the growth of the 
rat’s tail (Levie, 1938) 


Rats 

Treatment 

Daily 

dosage 

y 

Average increase 
in length of tail 
mm. 

Normal 

None 


30 

Castrated 

None 


zg 

Castrated 

Testosterone 

500 

31 

Castrated 

Oestrone 

500 

II 


Oestrogenic effects of antirachitic agents. When considering the effects of 
oestrogen on the epiphyses and general texture of bone it is interesting to recall 
that neoergosterol, calciferol and ergosterol have some oestrogenic capacity. 
Given in large doses to rats they cause vaginal cornification (Cook, Dodds, 
Hewitt & Lawson, 1934). 

{b) Texture and structure of bones. Oestrin has other effects on bones than the 
epiphyseal changes mentioned above. Zondek (1937) observed in rats and cocks 
which had been under continued treatment with oestrogen a supercalcification of 
the skeleton with partial obliteration of the marrow cavities. These changes were 
readily detected by X-rays, and on splitting a femur longitudinally it could be 
seen that the medulla was largely occupied by finely porous, easily crumbling, 
osseous tissue. A gradient of responsiveness to oestrogen could be detected in the 
skeleton, the effects being most pronounced in the femur and less advanced in the 
tibia. Changes in the texture of the bones were visible also in the spine, but the 
humerus and ulna were nearly normal. In addition to the change of texture, the 
bones were shorter than normal because the epiphyses had united earlier than 
usual with the shafts. Gardner & Pfeiffer (1938 b) also reported alterations in 
the structure of bones brought about by oestrogens. They treated thirty-four male 
and female mice with oestrone benzoate or equilin benzoate for periods extending 
to 348 days. After this treatment the femurs were white, opaque and very hard 
and brittle, and the marrow cavities were almost completely replaced by compact 
bone. These changes, which it seems are reversible, were shown by radiographs 
to he present throughout the skeleton except in the bones of the symphysis pubis. 
Testosterone propionate prevented the osseous changes induced by oestrogen, 
weekly doses of 1*25 mg. inhibiting the action of weekly doses of 1,000 i.u. of 
oestradiol benzoate. Sutro (1940) reports similar osseous changes in mice fol- 
lowing weekly doses of oestradiol benzoate ranging from 150 to 1,000 r.u. He 
says that proliferation of new bone in the medullary cavities is especially pro- 
nounced in the femur and tibia, and that the calvarium is affected in the same 
way. Miller, Orr & Pybus (1943) have made a detailed study of the osseous 
changes induced by oestrogen in mice. They have observed, like Gardner & 
Pfeiffer, that the changes are reversible. 

One effect of the increased formation of compact osseous tissue under the long- 
continued influence of oestrogen is an increased strength of the long bones. 
Gardner (1940) compared the resistance of the femur to a breaking strain in 
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oestrogen “treated and normal mice. Weekly subcutaneous injections of 16*6 or 
5oy of oestradiol benzoate had been continued from the time of weaning until the 
mice were killed at an average age of 478 days. The femurs of the oestrogen- 
treated mice were considerably more resistant to fracture than those of the con- 
trols, the weights required to break the bones in the same mechanical conditions 
being 2,499 1)655 §* respectively. 

Like Zondek, Pfeiffer & Gardner (1938) noticed a gradient of susceptibility 
in the bones to the influence of oestradiol, the femur being the first long bone to 
show the characteristic effects, followed by the tibia, radius and ulna in that order. 
Further reference will be made to the effects of oestrogen on bone marrow in 
connection with changes brought about in the blood. 

(c) Tumours of bone caused by oestrogen. From three females and one male 
belonging to Simpson’s A strain of mice, all having tumours of bone, Pybus & 
Miller (1938 a, i, 1940) have raised an inbred stock in which osseous neoplasia 
occurs with considerable frequency (53*3 per cent). In the liability to this form 
of neoplasia there is a. pronounced sex difference; the incidence being 77-3 per 
cent in the females and 29-6 per cent in the males. The mean age of onset is 15*3 
months in females and 17*7 months in the males. The primary tumours are often 
multiple, vary greatly in character and undergo metastasis. To discover whether 
oestrone might take part in the osseous neoplasia, Pybus & Miller made implants 
of 5 mg. of oestrone subcutaneously in males when they were between 3 and 
4 weeks old. In less than 3 months bone tumours had appeared in three of these 
mice. Since that paper was published Pybus & Miller have investigated further 
the influence of oestrogen on the production of the tumours and they say (1941) 
that several lesions,^ comprising bone cysts, osteoclastomata, sarcomas and changes 
like those of Paget’s disease, can be produced in mice by oestrone : the degree 
of reaction depending on the dose, duration and method of application and on 
the strain of the mice. 

The distribution of bone tumours in their mice (Table 181) appears to corre- 
spond with the graded effects of oestrogen on the skeleton as noted by Zondek 
and by Pfeiffer & Gardner; among the long bones the femur was the most 
frequent site of neoplasia. 

Table 181. The distribution of spontaneous tumours of bone in mice 
(Pybus & Miller, 1940) 


Skull and jaws 

Number 

55 

Sternum and ribs 

64 

Spine including tail 

135 

Upper extremity including shoulder girdle 

17 

Lower extremity including pelvis 

324 

Femur 

174 

Tibia 

129 

Humerus 

15 


When considering the effects of oestrogen on bone it may be well to recall the 
disease knovm to clinicians as hyperostosis frontalis interna. This disease, which 
affects the bones of the skull and especially the frontal bones and the anterior and 
middle fossae of the skull, is usually first noticed at about the menopause and 98 per 
cent of all recorded examples are said to have occurred in women (Andrews, 1942). 
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The Special Effects of Oestrogen on the Bony Pelvis 

(d) General conformation of the pelvis. To study the influence of gonads on 
the plumage and various other external manifestations of sex in birds Yarrell 
{1827) F^inoved the ovary from young chicks. Among other results of this pro- 
cedure he noticed a change in the skeleton. The spayed fowls when fully grown 
showed a peculiar shape of the lower part of the back from the want of the en- 
largement of the bones, observed in all normal females, by which a breadth of 
pelvis sufficient to allow a safe passage to the egg is attained. 

The difference in shape of the male and female pelvis in man and the great 
importance of the subject in connection with childbearing had long been known, 
and in retrospect it seems curious that Yarrell’s experiments on birds were not 
followed by recorded observations on mammals. The writer is not aware of any 
such observations having been made until the last few years. 

Gardner (1936) observed in adult mice a difference of form between the male 
and the female pelvis. Until the age of about 30 days the pelves in the two sexes 
appear alike, but after this date the pelvic bones of the female become altered, so 
that in adult life there is a pronounced sexual dimorphism. This transformation 
to the adult female form, Gardner says, can be induced in males by grafting 
ovaries into them or by administering oestrogens (oestrone, oestriol, equilin). 

In mankind, as in the mouse, the shape of the feminine pelvis is determined by 
the ovaries. Morton (1942) in an extensive inquiry found no sexual dimorphism of 
the human pelvis during foetal life nor after birth until the approach of puberty. 

(e) Separation of the pubic bones during gestation. In view of its consolidating 
effect on the rest of the skeleton the opposite effect which oestrin exerts on the 
bones, cartilage and ligamentous tissue of the pubic portion of the pelvis seems 
remarkable. It has long been known that parturition in the normal guinea-pig is 
facilitated by a disappearance of the interosseous cartilage of the symphysis and 
a wide separation of the pubic bones, which at the time of delivery are united 
merely by a thin ligamentous band. Hisaw (1925) made a saline extract of 
desiccated sow's ovary and gave the material once a week by intraperitoneal injec- 
tion to male and female pocket gophers {Geomys bursarius). It may be explained 
that immature pocket gophers, both male and female, have pubic bones united to 
form a symphysis. In the female at the breeding season, before copulation, 
resorption of the bones forming the symphysis occurs and continues during 
pregnancy. Such resorption does not naturally happen in males; but in both 
males and females treated with ovarian extract by Hisaw resorption of the sym- 
physis took place. This curious change, which normally accompanies adolescence 
in the untreated female, could be prevented, he found, by means of testicular 
grafts. Courrier, Kehl & Raynaud (1929) removed the ovaries from guinea-pigs 
during the second half of pregnancy — a procedure which does not prevent the 
continuance of gestation to full-time. In spite of the absence of ovaries the pubic 
bones separated as in normal pregnancy, a phenomenon which can be explained 
perhaps by a supply of oestrogen from the placenta. Courrier (1930^) showed 
that the separation of the pubic bones in the female guinea-pig could be main- 
tained after pregnancy by injections of oestrin, and Brouha (1933), Tausk (1933) 
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and De Fremery, Lucks & Tausk (1932) all found that separation of the sym- 
physis could be caused in the non-pregnant female guinea-pig by injections of 
oestrin. Pencharz & Lyons (1934) made the interesting observation that if hypo- 
physectomy were done on a guinea-pig at the 40th day of pregnancy, gestation 
continued to full term, and in spite of the ovarian atrophy consequent on the 
operation, separation of the pubic symphysis took place. Burrows (1935/) made 
applications of oestrone (o-oi per cent) or equilin (o*i per cent) twice weekly to 
the skin of castrated and non-castrated male and normal female mice. In both 
sexes the interosseous cartilage disappeared and was replaced by a thin fibrous 
band. A gradually increasing separation of the pubic bones took place if the 
treatment with oestrogen was continued. A thinning of the pubic and ischial 
rami accompanied these changes; in advanced cases the symphysial ends of these 
bones disappeared. Normally when mice litter for the first time there is a mere 
loosening of the symphysis without much separation, the changes being ap- 
parently irreversible and increasing in extent with each successive pregnancy. 
The condition may be relied upon, apparently, to determine whether a mouse 
has or ha,s not previously littered. Gardner (1935 a), also, has recorded separation 
of the symphysis with absorption of the adjoining portions of the pubic bones in 
male mice after the administration of oestrin in subcutaneous doses of 500 i.u. 
given weekly from the age of 28 days. These changes in the symphysis under the 
influence of oestrogen are not prevented by hypophysectomy (Gomez, Turner, 
Gardner & Hill, 1937). 

The wide separation of the pubic bones which precedes delivery in the guinea-pig 
and some other animals is represented in other species, including man, merely by 
a softening of the ligaments of the symphysis pubis and a lessening of its rigidity. 

The effect of oestrogen on the concentration of calcium in the blood and the 
occurrence of renal calculus will be discussed in the next chapter. 

Adipose Tissue 

There seems little doubt that the characteristic distribution of fat in the normal 
female is a result of oestrogenic activity. The effect, if any, of oestrogen on the 
total quantity of fat in the body does not seem to have been exactly defined. We 
know that androgens tend to reduce the deposit of lipoid in the tissues. Perhaps 
the excess of fat in the female is the consequence of an inhibition of this action of 
androgens, or it may be that oestrogen in normal amount encourages the storage 
of fat. However, there is no doubt that the normal female has a larger proportion 
of fat in her composition than has the normal male (see Table 121). Wilson & 
Morris (1932) determined the total fat content in the bodies of male and female 
angora rabbits which had been kept under identical conditions. In rabbits 
II months old the percentage of fat in the males was 173 and in the females 578- 
In rabbits 24 months old the percentages were 3*30 in males and 9-12 in females. 

Voluntary Muscle 

Apparently oestrogens are not responsible for the lesser development of voluntary 
muscle in the female sex, for Papanicolaou & Falk (1938), in experiments which 
are referred to in the chapter on androgens, found that oestrogens did not prevent 
testosterone from inducing an increased development of muscle in castrated 
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guinea-pigs. It appears therefore that the relative weakness of the female sex is 
due to a lack of androgen rather than to a weakening effect of oestrogen. 

The Skin 

Regional effects. There are areas of the body surface where the specific 
effects of oestrogen are well recognized. These areas are not the same for all 
species; the, reactions include those cutaneous peculiarities by which the two 
sexes can be distinguished, for example the hen-feathering of birds (pp. loi, 
1 14, 270). Apart from these widespread, though regional, responses to oestrogen 
there are certain local responses which occur in most, and perhaps in all, 
mammals, namely a thickening of the epidermis of the nipples (p. 327) and 
of the vagina (p. 30)2). 

General effects. Apart from the special effects to which reference has just 
been made, oestrogens seem to exert a general inhibitory action on the growth 
of epidermis. It seems a fact that, in many species at least, the male possesses 
a thicker hide than the female. Wilson & Morris (1932) compared the pelts 
of male and female angora rabbits which had been kept on the same food and 
were of the same age when killed. When 1 1 months old the average weight 
in ounces of the pelt in males and females was 9-08 : 7*58 ; in rabbits at 24 months 
the ratio was 8*92 : 8*25. 

Gardner & De Vita (1940) gave oestradiol benzoate in weekly doses ranging 
from 133*37 to 333*37 to five male and five female fox terriers. Under this 
treatment the hair failed to regrow after shaving or clipping. The arrest of 
hair growth continued if testosterone propionate in weekly doses of 5 or 10 mg. 
were given also. Mulligan (1943) performed a similar experiment on dogs, 
using stilboestrol, with the same results, i.e. the hair did not become restored 
after clipping; moreover it became thinned over the abdomen, perineum and 
around the base of the tail. Von Wattenwyl (1941) used spayed guinea-pigs, 
into which he implanted tablets of oestradiol. The daily absorption from these 
varied from 267 to 1857. The treatment caused alopecia 100-150 days after 
the implantation. 

Emmens (1942) studied the growth of hair in rats and concluded that in 
normal males the hair grows faster than in females, whereas in castrated males 
it grows at the same pace; he noticed further that by giving oestrogen the 
regrowth of hair in epilated regions of the skin was retarded. Hooker & Pfeiffer 
(1943) found that 837 of oestradiol benzoate given subcutaneously twice a 
week to rats caused some loss of hair, retarded the regrowth of hair after shaving 
and caused a diminution in. the size of the sebaceous glands. These effects 
could be prevented by giving testosterone. 

Sarcomata induced by Oestrogen 

Tumours of bone have been discussed (p. 373), but they are not the only kind 
of sarcoma caused by oestrogen. Gardner, Smith, Strong & Allen (1936 a, 6) 
reported the occurrence of spindle-celled sarcomata at the site of repeated injec- 
tions of oestrogen, in seven among 126 mice so treated; and Suntzeff, Burns, 
Moskop & Loeb (1936) recorded a similar experience. The writer has had several 
instances of this reaction in rats which had been given subcutaneous injections of 
oestrone dissolved in lard or sesame oil. 



Chapter XX. The Actions of Oestrogen on Organs other than those 
Considered in earlier Chapters 

Liver. Pancreas. Blood and vascular system. Adrenals. Excretion of water and electrolytes. 
Thymus. 

The Liver 

{d) Weight. Korenchevsky and his colleagues (Korenchevsky & Dennison, 
1934; Korenchevsky, Hall & Ross, 1939) reported a decrease in the weight of the 
castrated rat’s liver under the influence of oestrogen; this result was less obvious 
in non-castrated rats. Selye (19406) noticed a reduction in the weight of the liver 
in rats which had been given oestradiol. Such an effect of oestrogen does not 
appear to be a pronounced or constant reaction. Griffiths, Marks & Young (1941) 
noted an increase in the weight of the liver in rats which had been treated with 
oestrogen. 

(6) Histological changes in the Hie ducts have been observed by Gardner, Allen 
& Smith (1941) in mice after the administration of oestrogen. The compounds 
used were oestradiol dipropionate or benzoate (16*6 to 507 weekly), oestrone 
(2507 weekly) and stilboestrol (2507 weekly). This treatment caused the bile 
ducts to become thickened, rigid, white and somewhat nodular. The main duct 
was less affected towards the duodenal end. The cystic duct was thickened up to 
the neck of the gall-bladder. Microscopically the enlarged ducts showed an in- 
crease of the epithelial folds and of the glands, which sometimes reached as far 
as the serosa. The epithelium was hyperplastic and the ducts increased in extent. 

Battaceano & Vasiliu (1936) say that when given to dogs oestrone causes at 
first a diminution in the volume of the liver which is followed by an increase. In 
a dog with a biliary fistula doses ranging from 1,000 to 5,000 r.u. arrested the 
flow of bile. 

{c) Hepatoma and haemangioma. Miller & Pybus (1941) have noted a high 
incidence of hepatoma and haemangioma among mice of the CBA strain after 
their continued subjection to oestrogen. These tumours appeared in 44*4 per cent 
of the normal males in a group of mice which had received subcutaneous injec- 
tions of 300 i.u. of oestrone in olive oil once a week. In castrated males treated in 
the same way hepatomas appeared in 6-5 per cent, but none of these tumours de- 
veloped in normal females under similar conditions. Gorer (1940) states that 
among his CBA mice which lived ii months or longer hepatomata appeared 
in 18 of 35 males (51 per cent) and in 10 of 43 females (23 per cent). 

{d) Liver glycogen. Conflicting observations have been made concerning the 
effect of oestrogens on the glycogen content of the liver; a discussion of the sub- 
ject is therefore hardly worth while. References to the subject are as follows : 
Brunelli (1935), Gilder & Phillips (1939), Janes & Nelson (1940), Griffiths, Marks 
& Young (1941), MacBryde, Castrodale, Helwig & Bierbaum (1942). 

{e) Blood sugar. Several workers have recorded an increase of the blood 
sugar as a result of giving oestrogens. Riddle & Honejwell (1923) obsen^ed an 
increase of about 20 per cent in the blood sugar of pigeons at each ovulation 
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period. The increase, they say, begins about io8 hours before ovulation and is 
maintained until the second ovulation 44 hours later and reaches the normal 
about 108 hours afterward. (It will be remembered that the pigeon lays only two 
eggs at each nesting.) Zunz & La Barre (1939) found that 300 or 400 i.u. of 
oestradiol benzoate given intramuscularly to dogs caused a rise in the blood 
sugar, but this effect was not produced if the adrenal blood vessels had been tied 
previously. Janes & Nelson (1940) injected 0-05 mg. of stilboestrol twice a day 
into rats weighing between 150 and 200 g. and estimated the blood sugar after 
5, 10 and 20 days of this treatment. An increasing concentration of sugar in the 
blood was noted during this period of 3 weeks (Table 182). 

Table 182. The increase of liver glycogen and blood sugar in the rat 
under treatment with stilboestrol (Janes & Nelson, 1940) 

Glycogen in liver Sugar in blood 
Days of treatment (mg. per 100 g.) (mg. per 100 g.) 

No treatment 75 68 

5 231 73 

10 331 74 

20 409 84 

The Pancreas 

Increased production of insulin 

Goetsch, Cushing & Jacobson (191 1) noticed that dogs with pituitary insuf&ciency 
withstand the effects of partial excision of the pancreas better than normal dogs. 
Some time later Houssay & Biasotti (1931) discovered that hypophysectomy re- 
duces the glycosuria and prolongs the life of dogs after pancreatectomy, and they 
say that when deprived of the pituitary dogs become very susceptible to insulin 
coma, from which they recover if given injections of sugar. Barnes, Regan & 
Nelson (1933) found that, so far as the reactions just mentioned are concerned, 
effects comparable with those of hypophysectomy can be produced by giving 
oestrogen. Daily subcutaneous injections of 200 r.u. of oestrogen (‘Amniotin’) 
were given to four pancreatectomized female dogs, three of which received this 
treatment during 3 weeks before pancreatectomy; the other dog’s pancreas was 
removed so as to cause copious glycosuria, and not till then were the daily injec- 
tions of oestrogen begun. Glycosuria was checked by the injections and, though 
losing some weight, the dogs remained lively. At the end of 3 weeks the treat- 
ment with oestrogen was stopped and within 3 days the dogs suffered from severe 
glycosuria. Nelson & Overholser (1934) made the same sort of experiment on 
rhesus monkeys. Daily doses of 100 r.u. of oestrin were given for a fortnight, at 
the end of which the pancreas was excised, the injections of oestrin being con- 
tinued for 6 days afterward; during this time no appreciable glycosuria occurred. 
Cessation of the injections was followed by glycosuria, which disappeared under 
the daily administration of 200 r.u. of oestrin. 

Vasquez-Lopez (1940) noticed, in mice which had been treated with oestrogen 
for several months, in every cell of all the islets of Langerhans a hypertrophic 
Golgi apparatus larger than ever seen by him in the normal mouse. He suggests 
that this histological change indicates a functional hyperactivity of the cells 
resulting from the influence of oestrogen on the pituitary. Fraenkel-Conrat, 
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Herring, Simpson & Evans (1941) support this suggestion. They implanted 
10 mg. of oestradiol into normal rats at weekly inter\^als. The rats were killed at 
the end of 1 8 days and their pituitaries were implanted into hypophysectomized 
rats, each recipient receiving nine pituitaries in 19 days. These rats were killed on 
the 2ist day. Control rats were hypophysectomized and treated in the same way, 
receiving pituitaries of. untreated rats. The insulin content of the pancreas was 
then estimated for the donors and recipients of the pituitaries. In the pituitary 
donors the administration of oestradiol dipropionate had caused a rise of the 
pancreatic content of insulin by 54 per cent in one batch and 90 per cent in 
another. The implantation of pituitaries from these oestrogen-treated rats into 
hypophysectomized rats caused a rise in the pancreatic insulin of the recipients 
of 39 per cent as compared with hypophysectomized controls which had received 
pituitaries from untreated rats. Griffiths & Young (1940) implanted tablets of 
oestrone or stilboestrol subcutaneously in Wistar rats and found that a rise of the 
insulin content of the pancreas was thereby caused. One month after the im- 
plantation of 12 mg. of oestrone the pancreatic content of insulin amounted to 
1*12 units per 100 g. of bodyweight, and a comparable result was obtained with 
stilboestrol. 

Blood and Vascular System 

{a) Lipaemia induced by oestrogen, Lorenz, Chaikoff & Entenman (1938) 
found a great rise in the fat content of the blood of fowls within 48 hours of an 
intramuscular injection of 3,000 r.u. of oestrone, as shown below. 

Blood lipids 48 hours after the 
injection of oestrone 
(mg. per 100 c.c. of blood) 

Untreated fowls 356-466 

Oestrone-treated cocks 650-1087 

Oestrone-treated hens 575 “i 96 i 

Entenman, Lorenz & Chaikoff (1938) obtained the same kind of effect by in- 

jecting a pituitary gonadotrophin into immature hens. They say that all the blood 
lipids were increased, including cholesterol, phospholipid and free and combined 
fatty acids. Even more striking results were obtained by Zondek & Marx (1939) 
by giving a cock 4 mg. of diethylstilboestrol on each of six consecutive days (see 
Table 183). H. G. Loeb (1942) has noticed a similar, but less pronounced, effect 
of oestrogen in rats. He kept male rats on a diet which was rich in fat and treated 
them with oestradiol for a period of 24 days, at the end of which their blood 
showed between 53 1 and 566 mg. of lipoid per 100 c.c. as compared with 351 mg. 
per 100 c.c. in the controls fed in the same way but not given oestrogen. 

(A) The effect of oestrogen on the concentration of calcium in the blood. In con- 
nection with the changes already mentioned as occurring in bone under the in- 
fluence of oestrogen, it may be noted that oestrogens cause a rise of the blood 
calcium. This was first observed in birds, and though in them it occurs in a pro- 
nounced form and probably assists the formation of egg-shell, it happens also in 
mammals. 

Riddle & Reinhart (1926) noticed that each ovulation in the pigeon is accom- 
panied by a large rise in the blood calcium. The rise begins about 108 hours be- 
fore ovulation and 123 hours before the beginning of the formation of the shell. 
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At the time of ovulation the concentration of calcium in the blood may rise to 
19 mg. per 100 c.c. of serum. During sexual quiescence no difference was found 
in the blood content of calcium in the two sexes. As the result of further studies 
Riddle & Dotti (1936) state that gonadotrophin causes an increase of serum 
calcium in normal or hypophysectomized pigeons but not after gonadectomy. 
The reaction is obtained more quickly in males than in females, and is not caused 
by corticosterone or testosterone. Oestrone, they say, caused an increase of blood 
calcium in normal, castrated or hypophysectomized pigeons and rats, and in 
normal dogs, fowls and doves, but the reaction was not obtained in rabbits. 
Progesterone, they found, had the same effect in a less degree. 

PfeiflFer & Gardner (1938) gave daily doses of 1,000 i.u. of oestradiol benzoate 
to normal male and non-laying female pigeons. Under this treatment the concen- 
tration of calcium in the birds’ sera rose from between 8 and 9 mg. per 100 c.c. 
to between 13-12 and 21*65 mg. 

Zondek & Marx (1939) found that the administration of oestrogen to fowls 
caused an increase of both calcium and lipoid in the blood. A cock was given 
4 mg. of diethylstilboestrol on six consecutive days beginning on 8 November. 
The effects of this treatment on the concentration of calcium and lipoid in the 
blood is shown in Table 183. 


Table 183. The effect of oestrogen on the concentration in the cock’s 
blood of calcium and lipoid (Zondek & Marx, 1939) 


Date 

28 Nov. 
I Dec. 
4 Dec. 


Total dose of 
diethylstilboestrol 
(mg') 
o 
12 
24 


Blood calcium 
(mg. per 100 c.c.) 

II-2 

300 

41-4 


Blood fat 
, (mg. per 100 c.c.) 

125 

3,280 

5,438 


Future experiments, no doubt, will decide what part, if any, the parathyroids 
take in the mobilization of calcium under the influence of oestrogen. GrafHin 
(1942) examined the parathyroids of the Virginian deer {Odocoileus virginianus 
borealis) throughout the year and did not detect any changes in the parathyroids 
corresponding with the shedding or renewal of antlers, nor was any seasonal 
variation observed in the concentration of calcium, phosphate or phosphatase in 
the blood or cerebrospinal fluid. 

(c) Urinary calculi. A mobilization of calcium by oestrogen in some instances 
perhaps may cause urinary calculi. Burns & Schenken (1939) gave oestradiol di- 
benzoate in weekly doses which ranged from 100 to 1,500 r.u. to mice of the 
C3H strain. The mice were fed on Purina fox chow with lettuce once a week. 
Among the mice so treated calculi were found with considerable frequency in the 
bladders, ureters and kidneys (Table 184). 


Table 184. 


The formation of urinary calculi in mice under treatment 
with oestrogen (Burns & Schenken, 1939) 


Nximber 
of mice 
96 

151 


Number of mice 
with calculi 


Percentage 

4-1 

33*1 


Untreated controls 
Treated 


4 

50 
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In a later paper Schenken, Burns .& McCord (194.2) reported a difference be- 
tween the two sexes in their liability to renal calculus under the influence of 
oestrogen. They submitted a number of male and female mice of the C^H strain 
to continued treatment with oestradiol benzoate, and the results showed a striking 
predominance of males among those animals which eventually had renal calculi. 

. The relative numbers are given below. 

Number Percentage with renal calculi 
Males 169 43*7 

Females 30 3-4 

{d) Effect of oestrogen on the excretion of citric add, Shorr and his collaborators 
(Shorr, Bemheim and Taussky, 1942; Shorr, Almy, Sloan, Taussky and Toscani, 
1942) say that citric acid is a regular constituent of human urine in which its 
concentration is increased by alkalosis however caused, by the injection of citric 
acid or its precursors, or by giving oestrogen. In daily assays made of the urine 
of five healthy young women during six complete menstrual cycles the lowest 
concentration always coincided with menstruation and the highest levels occurred 
at the middle of the cycle. The administration of oestradiol benzoate (two cases) 
was followed by significant rises in the excretion of citrate, whereas testosterone 
given to a male (one case) was followed by a reduction. Testosterone propionate 
given to a girl with amenorrhoea also led to a diminished excretion of citric acid. 
The output of citric acid they say is regulated by the concentration of calcium 
and enhances its solubility. In two cases of recurrent renal calculi they found a 
persistently low concentration of citric acid in the urine. 

Dickens (1941) compared the citric acid content of various tissues and found a 
relatively high concentration in bone. As much as 70 per cent of the total citric 
acid in the body may be, he says, in the compact tissue of bone. 

{e) Blood pressure. Clinical experience suggests that oestrogens naight tend 
to lower the blood pressure. A raised blood pressure is apt to accompany 
virilism, and severe hyperpiesis is more frequent in men than in women, and in 
the latter is thought to be associated with the menopause. Liebhart (1934) made 
tests on more than 300 individuals, including men, girls, and normal, spayed and 
postmenopausal women, giving doses of oestrone ranging from 100 to 5,000 m.u. 
and determining the blood pressure by a Riva Rocci apparatus. He concluded 
that oestrone has a capacity for lowering the blood pressure, and that this action 
is more pronounced in women than in men, and in adult women than in girls 
before puberty. In some instances a fall of the systolic pressure equivalent to 
30 mm. Hg. was obtained within half an hour of giving oestrone. Guirdham 
(1941) has found that oestradiol lowers the blood pressure in cases of menopausal 
hyperpiesis, arterial sclerosis and renal disease, as well as in normal conditions. 

Reynolds (1941) examined the effects of oestrogen on the blood vessels of the 
ear in the spayed rabbit, and also, by means of a plethysmograph, on the blood 
vessels of the human finger. The usual result of both tests was a dilatation of the 
small blood vessels which followed the injection of oestradiol within a few minutes 
and persisted for at least 2 hours. The human tests were performed on twenty men 
and on twenty-five women who had passed the menopause. Other experiments 
bearing on this matter have been done by McGrath (1935) and Thomas (1940). 
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A vascular phenomenon which clinical experience has shown to be controlled 
by oestrogen is the recurrent flushing experienced by women at the beginning 
of the menopause. This symptom is thought to be the result of an increased 
supply of FRH consequent on the reduced ovarian activity at this period. As 
shown in earlier pages, oestrogens inhibit the supply of FRH from the pituitary. 

(/) An effect of oestrogens on the permeability of the capillary blood vessels in 
certain regions of the body has been reported by Hechter, Krohn & Harris 
(1942), who treated rats with oestradiol, oestrone or oestriol, and after an interval 
gave each of them an intravenous injection of i c.c. of a i per cent solution of 
trypan blue for 100 g. of bodyweight. In every instance there followed an ab- 
normally large concentration of dye in the uterus and vagina. This was not the 
consequence of increased affinity of the genital tissues for the dye, because such 
tissues when minced and tested in vitro took up no more dye than was accumu- 
lated by tissues from other parts of the body (see also Goldmann, 1909). 

The writer believes, for reasons which he has given elsewhere (Burrows, 1932), 
that it would be safer to describe a result like that just mentioned as an increased 
‘permeation’ of the capillaries rather than an increased ‘permeability’. The fact 
of an increased passage of dye through the capillary walls does not necessarily 
indicate any change in their permeability, for it is conceivable that the enhanced 
transit of dye is entirely due to a change in the forces, electrical or otherwise, 
which cause its transportation. 

(^) Action of oestrogen on the cellular constituents of the blood. It seems 
probable, if the formation of erythrocytes is to some extent regulated by a pituitary 
haemapoietic hormone as Flaks, Himmel & Zotnik (1938) believe, that oestrogens 
might, in view of their depressing activity on the pituitary, hinder to some extent 
the supply of erythrocytes. Several workers have reported that red cells are 
normally more numerous in the male than in the female. Such observations have 
been made on many different species. Steinglass, Gordon & Charipper (1941) 
have investigated the matter, using an inbred strain of rats. They found that after 
gonadectomy both the red cells and the haemoglobin increased in the females and 
fell in the males. In spayed females oestrogen reduced the erythrocyte count from 
8*9 to 6*7 millions per cmm. and in castrated males the same treatment caused 
hypoplasia of the marrow. 

MacBryde, Castrodale, Helwig & Bierbaum (1942) found that in ^ogs daily 
doses of 10 mg. of oestrone, i-66 mg. of oestradiol benzoate or 5 mg. of diethyl- 
stilboestrol caused changes in the marrow with a diminution of erythrocytes and 
haemoglobin in the circulating blood, and Tyslowitz & Dingemanse (1941) ob- 
tained similar results in dogs with daily doses of i to 5 mg. of oestrone. 

Plum (1942) found that in women both the reticulocyte count and the amount 
of erythrocyte-ripening substances in the blood are at their 'maximum during 
menstruation and minimum in the mid-menstrual period. The rise in both is 
rapid and begins about i week before menstruation, falling rapidly after this 
phase. The observation accords with the supposition that oestrogen checks the 
formation of the red blood cells. 

There is little doubt that oestrogens affect the production of white cells. 
Tyslowitz ((1939); see also Tyslowitz & Dingemanse, 1941) found that daily 
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injections of 5 mg. of diethylstilboestrol to dogs brought about an agranulocytic 
anaemia within the next 25 to 50 days. In untreated mice various abnormalities of 
the white blood cells are frequently seen, and they comprise an unbroken series 
from a general leucaemia to lymphosarcoma. These conditions are more frequent 
in female than in male mice. Mercier (1938), basing his observations on 465 mice 
of a single strain, recorded lymphosarcoma in 64*9 per cent among the 254 
females, and in 34-1 per cent among the 21 1 males. Others have called attention 
to the special proclivity of female mice to leucaemia and lymphosarcoma (Gorer, 
1940; Pybus & Miller, 1941 ; Miller & Pybus, 1942). Cole & Furth (^941) point 
out that leucaemia occurs not only more frequently in female mice than in males 
but appears earlier in the females. It seems probable that this tendenc}" to the 
development of leucocytic neoplasia among females is in part at least dependent 
on the action of oestrogen. Lacassagne {ig26d) noticed the occurrence of lym- 
phosarcoma and leucaemia among mice which had been under treatment with 
oestrogen. 

Gardner, Kirschbaum & Strong (1940) noted that among 149 C3H mice which 
had received oestrogen from the ages of 3 to 140 days until death, lymphoid 
tumours, some accompanied by leucaemia, occurred in 22 (15*4 per cent), 
whereas no such tumours appeared among 1 17 mice of the same strain which had 
not been given oestrogen. 

The occurrence of these lymphoid tumours appears to be largely influenced by 
the gonads. Marine & Rosen (1940) observed that lymphoid tumours were much 
more frequent in castrated than non-castrated white leghorn fowls, and Miller 
& Pybus (1942) found that gonadectomy, whether in the male or female, was 
followed by a greatly increased incidence of lymphoid tumours in mice of the 
Edinburgh strain which had been submitted from an early age to \veekly doses of 
300 i.u. of oestrone. 

At present no connection has been revealed between oestrogens and leucaemia 
in man. Cooke (1942) states that among 1,500 cases occurring in children 59-3 
per cent of the total occurred in boys, and in all cases among adults males were 
affected in between 60 and 79 per cent, 

Ledingham (1940) has observed a special effect of oestrogen on the Foa- 
Kurloff cells in the guinea-pig’s blood. These cells, w’hich represent a type of 
leucocyte hitherto found only in the guinea-pig, are seen, Ledingham says, very^ 
scantily in the blood and spleen at birth and during infancy, but rise in number 
between the 30th and 40th day of postnatal life. The cells are more numerous in 
pregnancy and also in non-pregnant guinea-pigs w^hich are under treatment with 
oestrogen. A single subcutaneous injection of 6oy of oestradiol dipropionate on 
the 52nd day of life was followed by a rise of the Foa-Kurloff blood count from 
20 per 1,000 leucocytes to 210 per 1,000, 13 days later. A similar dose given to 
males or females in the first few^ postnatal days caused a sudden and great increase 
in the Foa-Kurloff count, and this effect Avas produced also in foetuses by treating 
the- mother with oestrogen. Testosterone did not produce these effects. 

{h) The formation of antibodies. A few experiments have been done to learn 
whether oestrogens have any effect on the resistance of an individual to infection. 
Von Haam & Rosenfeld (1942 a, b, c) immunized rabbits against Type I Pneumo- 
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coccus by giving increasing doses of this organism intravenously on four con- 
secutive days, and repeating such a course in each of the next 4 weeks. They found 
that if throughout this process of immunization injections of oestrone (totals of zz 
and 38 mg.) were given the concentration of specific agglutinins and antibodies 
was much greater than in rabbits treated without oestrone but otherwise in the 
same way. They obtained a similar result in mice. 

The Adrenals 

{a) Increase in weight of the adrenals, Laqueur (1927) noted that the adrenals 
of young rats which had been given injections of oestrin were larger than those of 
control, untreated rats of the same age. Andersen & Kennedy (1932), basing their 
observations on 127 unmated female rats, found that during oestrus the adrenals 
were increased in weight owing to enlargement of the cortex (Table 185). The 
cells of the fasciculate zone, and the cell nests near the medulla, they say, are 
enlarged during oestrus and contain an increase of lipoid; the glomerular zone is 
narrowed. 

Table 185. Changes in weight of the rat’s adrenal during the destral 


cycle (Andersen 

& Kennedy, 1932) 


Number 

Mean weight of adrenals 

Stage of cycle 

of rats 

(mg. per loo g. of bod3rweight) 

Prooestrus 

8 

25 0 

Oestrus 

32 

26*3 

Postoestrus 

29 

24*0 

Dioestrus 

S 8 

237 


Leiby (1933) gave daily doses of 4 mg. of oestriol to adult spayed mice for 
6 days. At the end of this period the adrenals were found to be considerably 
enlarged. Andersen (1935) spayed rats at about 80 days of age and 6 weeks later 
gave them 5 r.u. of oestrin 3 times a day for 2 days. She killed the rats at intervals' 
of 24 to 120 hours after the first injection, and found an increased weight of the 
adrenals with an increase of lipoid in the cortical cells accompanied by congestion 
of the reticular zone. These changes were present even in the rats killed 24 hours 
after the first injection of oestrin. 

According to Bourne & Zuckerman (1941) the increased volume of the adrenal 
found in normal rats during oestrus and in spayed rats which have been given 
injections of oestrone is chiefly due to changes in the fasciculate zone, and is the 
consequence of an increase in size without an increase in the number of the cells. 

Korenchevsky & Dennison (1934, 1935) have shown that injections of oestrone 
cause enlargement of the adrenals in rats, and Ellison & Burch (1936) obtained 
similar results by giving oestrone, oestradiol or oestriol to rats whether castrated 
or not. The effects on the adrenal depended on the presence of the pituitary. 
Selye, Collip & Thomson (1935) and Selye & Collip (1936) found that daily doses 
of 1 00 7 of oestrin did not cause enlargement of the adrenals in immature rats, 
nor did the continued giving of 2007 of oestrin daily prevent involution of the 
adrenal after hypophysectomy. Further, they state that with adult rats the adre- 
nals enlarged by the influence of oestrin contain but little lipoid, whereas abundant 
lipoid is present in the adrenal cortex within 48 hours of hypophysectomy even if 
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the doses of oestrin are continued. They believe that enlargement of the adrenal 
in female rats treated with oestrin is an indirect action mediated by the pituitary, 
and they suggest that the presence of corpora lutea may be necessary for the 
result. Some of their findings are shown in Table 186. 

Table 186. The effect of oestrin on the female rat’s adrenal as influenced by 
the presence or absence of the pituitary (Selye & Collip, 1936) 


Number 
of rats 

Hypophy- 

sectomized 

Hormones given 

Mean weight 
of adrenals 
(mg.) 

Mean weigi 
of ovaries 
(mg.) 

6 

-h 

Pituitary extract 

69 

41 

6 

4 - 

Pituitary extract plus Oestrin 

71 

91 

6 

— 

Pituitary extract 

80 

78 

6 

— 

Pituitary extract plus Oestrin 

100 

15s 


Noble (1939) reports that the synthetic oestrogen, triphenylethylene, like the 
natural oestrogens, does not cause enlargement of the adrenal in hypophysecto- 
mized rats. 

(b) The effect of oestrogen on the x ^om of the adrenaL The x zone was first 
described by Elliott & Armour (1911) and by Thomas (1911) as occurring in 
man, and since then has been investigated in mice by many inquirers. The x zone 
is present in the adrenal cortex of infantile mice of both sexes and is composed 
apparently of the cells of the zona reticularis and the innermost parts of the zona 
fasciculata. These cells in early life are especially numerous and cause a relative 
increase in thickness of the cortex. The cells forming the x zone are smaller and 
stain more densely and evenly with eosin than those of the outer part of the zona 
fasciculata, the cells of which contain a varying amount of material which is not 
stained by eosin (p. 233). 

There seems little doubt that the portion of adrenal cortex adjacent to the 
medulla is concerned in some way with sexual functions, and a reference may be 
made here to the observation of Broster & Vines (1933) that the inner part of the 
adrenal cortex displays a special staining reaction in cases of virilism in women. 

Howard-Miller (1927) states that in male mice the zone ceases to grow in 
the 4th week after birth and has disappeared by the 39th day. The cells do not 
become vacuolated, she says, during this disappearance. Whitehead (1935 i) has 
made a similar observation. In female mice the x zone disappears rapidly if 
pregnancy supervenes, otherwise it may persist for a considerable period and 
degeneration when it occurs may be accompanied by vacuolation and coalescence 
of cells (Howard-Miller, 1927; Whitehead, 1932-33, 1935 Altenburger (1924) 
observed in male mice castrated at 3 to 8 weeks of age, and killed 3 months later, 
a pronounced increase of the adrenal cortex with qualitative alterations involving 
the zona reticularis, and Deanesly (1928) has found that in male mice castration 
before maturity may cause the .v zone to reappear. 

Martin (1930) studied in mice the effects of prolonged treatment with 
oestrone and observed that a total degeneration of the .v zone is caused in im- 
mature castrated males and in normal and spayed females. In immature non- 
castrated males oestrone caused a persistence of the .v zone and in non-castrated 
adult males a reappearance of the a; zone. It seems that castration and the 
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administration of oestrone have a similar influence on the presence of an ^ zone 
in the male mouse. However, the eifects of oestrone on the zone depend largely 
upon the size of the doses, the length of time during which they are given and 
perhaps on the age of the animal. Waring (1942) gave o*oi mg. of oestrone during 
14 days to spayed and non-spayed female mice which were 40 days old when the 
experiment began. These doses had no effect on the x zone, which remained intact. 

(c) Degeneration of the adrenal cortex. In old untreated female mice there is 
often to be seen a peculiar degenerative change in the adrenals (Burrows, 19366). 
The chief feature is an accumulation of lipoid-like material in the cells of the zona 
reticularis and the innermost cells of the fasciculate zone, that is to say in the 
same situation as the x zone. As the condition advances the accumulation of 
lipoid increases and eventually adjacent cells coalesce to form rounded masses 
lying in the vascular stroma between the cortex and medulla. These masses are 
composed of (i) droplets of lipoid-like material which are not stained by the usual 
dyes,- (2) a small but variable amount of cytoplasm stained pink by eosin and 
(3) scattered, often pyknotic, nuclei stained with haematoxylin. The vascular 
stroma occasionally appears to be increased in amount and a pronounced 
hyperaemia may be present.. An identical change ,can be induced in the adrenals 
of male mice, whether castrated or not, by giving continued doses of oestrogen. 
The peculiar lipoid degeneration described calls to mind that which has been 
described by the author as occurring in the interstitial glandular cells of the testis 
under the influence of oestrogen. This form of degeneration in the adrenal 
cortex may often be seen in untreated old female mice and occasionally to a 
slight extent in untreated old males too. It is not a feature peculiar to mice 
or animals bearing tumours; the change has been recorded in old rabbits by 
Whitehead (19356), Greene & Saxton (1938) and Burrows (1940), who has 
observed it also in old untreated female guinea-pigs and rabbits. 

Cramer & Horning (1936, 1937a, 1939a, 6) have recorded a similar condition 
in the adrenals of mice under the name of ‘ brown degeneration They regard the 
change as arising in the medullary cells (1936) or in the medulla and cortex 
(i937<2, 1939^,6), and as having an association with the development of 
mammary cancer. 

The writer feels bound to say that he has not seen any instance in which the 
medulla has shared in the degeneration now under consideration, and in this 
respect his observations differ from those of Cramer & Horning. 

Excretion of Water and Electrolytes 

(a) Local and general cutaneous oedema caused by oestrogen. Vulval oedema 
resulting from the action of oestrogen has been mentioned (p. 305). In some 
species an oedema, commencing in the perineum and spreading from this region 
to the surrounding skin, has been noticed in both sexes as a consequence of 
administering oestrogen. Courrier & Gros (1935) injected variable amounts of 
oestrone into three immature Algerian macaques {Macacus ecaudatus) weighing 
between 1,800 and 3,000 g. After 10 days of this treatment there was a consider- 
able perianal swelling which at the end of 25 days had attained the size of a large 
mandarin orange. The skin was red and oedematous, and the swelling involved 



OTHER ACTIONS OF OESTROGEN 387 

the scrotum and penis in addition to the perianal region. Bachman, Collip & 
Selye (1935) made a more extended observation. They gave 200 y of oestriol 
thrice daily at first, and later 5007 once daily for periods extending from 12 to 
1 10 days to monkeys {Macacus rhesus). Within the first 24 hours this treatment 
caused oedema of the anus and adjacent part of the base of the tail. In the next 
day or two the skin of the genital region began to redden and swell. At the end 
of 8 or 10 days the swelling had extended over a wide area, so that the skin over 
the pubes, inner sides of the thighs, perineum and proximal third of the tail was 
oedematous. In the area so affected pitting on pressure was elicited. With con- 
tinued treatment the oedema subsided in the course of the next 10 to 40 days, but 
did not always quite disappear. Irrespectively of the foregoing results, when the 
treatment had continued for 20 to 25 days, a secondary colourless, cutaneous 
oedema of a different type and distribution was seen. Beginning along the course 
of the sartorius muscles in the thighs it appeared next in the lumbar region and 
gradually spread over the back and over all the hairy portion of the trunk until 
eventually the face and lower part of the abdomen were involved. This oedema 
persisted as long as the injections of oestriol were continued, and slowly regressed 
after the treatment had ceased. The oedema was limited to the skin and did not 
affect the subcutaneous tissues. Zuckerman & van Wagenen (1935) have made 
somewhat similar observations. They injected oestrone into a young rhesus 
monkey 6 days after birth and continued the injections for 43 days, during which 
the monkey received a total of 8,250 r.u. ' Very little change occurred during this 
time in the scrotum, but the skin over the buttocks and lower part of the back 
became thickened and swollen so that the hair follicles became unduly prominent 
(apparently a ‘peau d’orange’ effect). While the treatment was in progress the 
monkey was castrated, after which ‘the scrotal response was much better than it 
had been during the first course of injections, when the testes were present ^ 

Ogston, Philpot & Zuckerman (1939) g^ve daily injections of 100 mg. of oestrone 
to female monkeys (Macacus nemestrina and M. mulatto). After varying periods 
of treatment the swollen sexual skin was removed ; the exudate obtained from it 
was examined and found to contain an abnormal concentration of free chloride, 
and the suggestion is made that the oedema may have been caused by an increase 
of osmotic pressure caused by the excess of free chloride. In the exudate they 
detected material giving the reactions of mucoprotein. Aykroyd & Zuckerman 
(1938) say that in the monkey the swelling of the sexual skin is accompanied b\ 
enlargement of the connective tissue cells through their having taken up water. 

Engle & Crafts (1939) found that 20oy of diethylstilboestrol given orally or by 
intramuscular injection to adult spayed rhesus monkeys caused oedema of the 
skin over the whole body. 

When these effects of oestrogen are being considered it will be remembered 
that progestins also have an influence on the excretion of w^ater (p. 43 /)* 

(b) The ejfect of oestrogen on the excretion of electrolytes. While considering 
the production of cutaneous oedema by oestrogen attention may be given to the 
fact that to some extent the gonadal hormones resemble the adrenal cortical 
hormones in the effect they have on the excretion of electrolytes. Thorn & 
Harrop (1937) found that a single dose of 5 mg. of oestradiol caused a pronounced 

25-2 
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and rather prolonged retention of sodium in a normal dog. Repeated injections in 
both male and female dogs did not prevent an ultimate return of the sodium 
excretion to normal. All the sex hormones investigated, they say, including 
oestradiol, oestrone, testosterone, testosterone propionate, progesterone and pre- 
gnanediol, have shown some sodium-retaining effect. They add that a single injec- 
tion of 17 mg. of oestradiol, given to a patient with incorppetent adrenals 
(Addison’s disease) and maintained on a diet constant in fluid and mineral con- 
tent, led to a retention of chloride, sodium and water with a gain in bodyweight 
and blood pressure. This effect lasted 72 hours. In normal dogs Thorn & Engel 
(1938) observed that oestrone, oestradiol and testosterone propionate all caused 
a decreased renal excretion of inorganic phosphorus and total nitrogen, and an 
increased output of potassium. 

As a supplenient to these findings it may be noted that, unlike progestin, 
oestrogens have little if any power to maintain life after adrenalectomy. Gaunt 
& Hays (1938) found that o-i or o*2 mg. of oestrone given daily to two adre- 
nalectomized ferrets, instead of prolonging life, appeared to be toxic. 

The Thymus 

It has long been known that the thymus involutes before adult life is reached. In 
the rat the gland, having attained its highest development, begins to shrink at 
about the 85th day of life, according to Hatai (1914). Pregnancy and lactation 
also, he says, are accompanied by a diminution in the size of the thymus. Chiodi 
(1940) observed that the rat’s thymus becomes increased in size after gona- 
dectomy, whether in the male or female, and that oestrogens (oestrone, oestradiol 
benzoate) cause atrophy of the thymic parenchyma of normal and gonadectomized 
rats of either sex. Ross & Korenchevsky (1941) reported similar results in the rat 
from gonadectomy. The effect of oestrone or oestradiol (0*014-0*024 mg. in a 
week) they describe as an atrophy of the lobules with a specific hyperplasia of the 
epithelial cystic structures which show a stratified epithelium. 

Several investigators have noticed that involution of the thymus is readily 
caused by a variety of noxious agents ; this fact does not seem to account for the 
effects attributed to oestrogen, for these effects follow the normal physiological 
production of oestrogen in the healthy body. 



PARTY. PROGESTINS 


Chapter XXL Progestins 

Definition and Functions. Sources. Metabolism and Excretion, Development and Maintenance 
of Corpora Lutea. 

The progestins are active principles of the corpora lutea of the ovary. They are 
chemical compounds whose biological actions are chiefly concerned with con- 
ception, gestation, parturition and perhaps lactation. IVIore than one substance 



III. epiallo Pregnane-3-ol-20-one IV. Pregneninolone (Ethinyltesto- 

sterone, Ethisterone) 

Fig. 7. 


having the same kind of action as progesterone is known, and a generic name 
is therefore convenient. The author has used the term ‘progestin’ to denote 
chemical compounds having a biological action comparable with that of proge- 
sterone.* The structural formulae of progesterone and some allied hormones are 
shown in Fig. 7. 

* ‘ Progestogen ’ has been suggested as an alternative generic name. 
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The molecular structure of progesterone closely resembles that of hormones 
formed by the testis and adrenal cortex; this resemblance extends to many of 
their biological actions (Fig. i, pp. 98, 99). 

The international unit. As with other types of gonadal hormone it has been found 
convenient to adopt an international standard unit of progestational potency as 
ascertained by biological assay, so that the progestational activity of materials 
whose hormonal content has not yet been identified can be compared and 
recorded. The international unit of progestational potency equals that of i mg. 
of progesterone when assayed in the immature rabbit. 

Sources of Progestin 

(<2) The ovaries. The corpora lutea of the ovary are the chief natural source of 
progestin and it was from them that progesterone was first isolated and identified. 
The leading advance in this direction was made by Corner & Allen (1929), 
who prepared an effective luteal extract from the corpora lutea of sows. Not 
long afterward the isolation and identification of progesterone itself was reported 
almost simultaneously by four different groups of workers, namely Butenandt, 
Westphal & Hohlweg (1934), Allen & Wintersteiner (1934), Fels, Slotta & 
Ruschig (1934), Hartmann & Wettstein (1934). It seems uncertain whether 
any cells other than those derived from the granulosal portion of the follicle may 
participate in forming the corpus luteum and in elaborating progestin. Sandes 
(1903), who studied the development and fate of graafian follicles in a marsupial 
cat {Dasyurvs viverrinus)^ thought that both the granulosal and thecal cells took 
part in forming the corpus luteum. 

As to the hormonal functions of a newly developed corpus luteum, it is hardly 
necessary to remark that the output of oestrogen does not stop suddenly and 
become replaced by that of progestin. The transition is gradual and for a con- 
siderable period after ovulation both kinds of hormone are formed, the output of 
progestin gradually increasing while that of oestrogen declines. Perhaps both 
oestrogen and progestin are formed by the same cells at different stages of their 
existence. Allen (1941) says evidence is accumulating to show that a large 
graafian follicle may begin to change its secretion before ovulation. 

There is reason to think, too, that the corpus luteum and the follicle from 
which it has arisen are not the only sources of ovarian progestin. Goodall (1920) 
found that the ovaries of a rabbit which had died during parturition consisted 
entirely of a mass of lutein-like cells, and the writer has described a similar condi- 
tion of the ovaries in old rabbits. Although the ovaries in some of the latter 
instances consisted throughout of lutein-like cells and no corpora lutea could be 
seen, progestational conditions were present in the uterus, showing that pro- 
gestin had been secreted (Burrows, 1940). 

{b) The placenta is another source. Courrier, Kehl & Raynaud (1929) noticed 
that if a pregnant guinea-pig were deprived of her ovaries and then given 50 r.u. 
of oestrin in the course of 3 days, vaginal cornification did not occur as it would 
have done in a non-pregnant spayed guinea-pig so treated. They were aware that 
active corpora lutea inhibit this action of oestrin on the vagina, and therefore 
concluded that in the spayed pregnant guinea-pig the inhibitory agent must be 
produced elsewhere than the ovary, possibly in the placenta. 
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Lipschiitz (1937^) made the same sort of observation; he removed the ovaries 
from pregnant guinea-pigs and found that vaginal mucification persisted for 
4 weeks afterward. Mucification of the vagina being largely dependent on 
progestin it seemed that this hormone, during pregnancy, must have arisen in 
some organ other than the ovary. 

Using the method devised by Allen & Meyer (1933), Adler, De Fremery &Tausk 
(^934) separated from placenta^ material having the activities of progesterone. 
They obtained i rb.u. from 600 g. of fresh full-term human placenta and i rb.u. 
from 500 g. of cow’s placenta. Pels, Slotta & Ruschig (1934) and McGinty, 
McCullough & Wolter (1936) also found progestin in fresh human placentae. 

Haterius (1935, 193^) discovered indications of the formation of progestin in 
the placenta by a diflFerent method. In a number of rats the oviduct on one side 
was tied so as to limit pregnancy to a single uterine horn. The rats were then 
mated. On the 12th or 13th day of pregnancy one ovary and all but one of the 
foetuses were removed, but all the placentae were left intact. Two days later the 
remaining ovary was removed. The rats treated in this way carried to full term 
but failed to deliver the young, which were recovered alive by operation 2 days 
after the normal date of delivery. At this time the placentae which had been 
deprived of their foetuses were viable and healthy. In another ten rats the same 
procedure was used except that all but one of the placentae were removed to- 
gether with the foetuses, so that only one foetus with its placenta remained, ^dter 
removal of the second ovary none of these rats carried to full term, at which date 
their uteri had undergone involution and no sign of embryonic tissue was present. 
A third set of rats treated in the same way, except that the second ovary was not 
taken away, carried to full term. The conclusion was that the placentae supplied 
the progestin needed after the ovaries had been removed. 

Browne, Henry & Venning (1939) studied the excretion of pregnanediol in 
thirty-five women who were the subjects of threatened or habitual abortion, and 
found that a change in the output takes place between the 70th and 90th days of 
gestation. This is the time, they suggest, when the placenta takes over from the 
corpora lutea the function of producing progesterone. The exact date, they say, 
varies in different individuals and in the same individual during different preg- 
nancies, but it represents a critical stage of gestation, the average date of abortion 
in 500 cases being the 8rst day. 

(c) The adrenals are yet another source of progestin. This was first suggested 
by Engelhart (1930). Using young unmated rabbits weighing betw^een 1*5 and 
2 kg. he excised one uterine horn for subsequent comparison and control. A week 
later he gave at intervals of 12 hours subcutaneous injections of a lipoid extract 
of adrenal cortex. On the 8th day of this treatment the remaining horn of the 
uterus was examined and found to have undergone progestational changes. 
Callow & Parkes (1936) prepared from the adrenals of cattle, horses, sheep and 
pigs extracts which caused full progestational changes in the rabbit’s uterus. The 
horse’s adrenal had the highest potency of those tested. 

After these results had been recorded it was learned that other products of the 
adrenal than progesterone, e.g. deoxycorticosterone, can induce progestational 
changes in the endometrium. Nevertheless, the actual production of proge- 
sterone by the adrenal has been demonstrated by Beall & Reichstein (1938), who, 
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from the adrenals of oxen, extracted progesterone and a kindred compound, 
^//opregnane-ol-3“20-one; this, though possessing little or no biological activity, 
was present in larger amount. The adrenals seem to be the probable source of the 
progestin found by Frank, Goldberger & Salmon (1936) in the urine of spayed, 
non-pregnant women, and by Hain (1942) in the urine of postmenopausal 
women. 

In pathological conditions of the adrenal excessive amounts of progestin may be 
excreted in the urine. Malley & Bradshaw (1941) found an average daily output 
of 142 mg. of sodium pregnanediol glycuronate in a girl of 14 with adrenal 
virilism; the average daily output of 17-ketosteroids in this case was 58 mg. Two 
women with adrenal carcinoma and symptoms of virilism excreted between 9 and 
20 mg. of pregnanediol daily (Salmon, Geist & Salmon, 1941); and Butler & 
Marrian (1937) isolated pregnane-3 : 20-triol from the urine of patients with 
adrenal hyperplasia. (See also Venning, Weil & Browne, 1939.) 

(d) The testes were found by Callow & Parkes (1936) to show appreciable 
progestational activity. Bulls’ testes contained the biological equivalent of i mg. 
of progesterone in 1,400 g. of fresh tissue, and boars’ testes contained i mg. in 
1,700 g. of fresh tissue. Possibly the progestational effects in this experiment were 
caused by androgen (see p. 208). 

Absence of storage. Like oestrogen and androgen, progestin is not stored to 
any. considerable extent in the body. Being rapidly inactivated and excreted, it 
must be elaborated almost or quite continuously to maintain its biological effects. 
Zondek (1939) injected progesterone into infantile rats and subsequently killed, 
minced and extracted them ; 24 hours after the injection he was unable to find any 
progesterone in their bodies. Bloch (1936) failed to detect i mg. of progesterone 
in 500 c.c. of the blood of pregnant women. 

Metabolism and excretion. Progesterone is largely eliminated from the body as 
pregnanediol, a relatively inert saturated alcohol which was first isolated from the 
urine of pregnant women by Marrian (1929) and given the name of pregnanediol 
by Butenandt (1930). Venning, Henry & Browne (1937) showed that injections of 
progesterone in women are followed by the excretion of pregnanediol in the urine. 
They estimated the output of pregnanediol during pregnancy and found that it 
increased until the 8th or 9th month of gestation. Within 24 hours after parturi- 
tion it disappeared from the urine or was present only in very small amount. 
Venning & Browne (i937<3, b) estimated the urinary output of pregnanediol from 
ten w^omen during the different stages of the menstrual cycle. They state that 
pregnanediol appears in the urine within 24 to 48 hours of ovulation. In further 
experiments Browne & Venning (1938) gave 24 mg. of progesterone by injection 
to each of two women who had undergone hysterectomy, but were unable to 
detect any pregnanediol subsequently in the urine. The result suggests that the 
uterus, at least when in a progestational condition, takes part in the conversion of 
progesterone into pregnanediol. 

Hain & Robertson (1939^, b) also have estimated the pregnanediol content of 
the urine in women, and they find that it is absent during the first half of the 
menstrual cycle though relatively large amounts are present in the urine between 
the 17th and last day of the menstrual cycle. The urinary assays were correlated 
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with biopsies, as a result of which it was concluded that no pregnanediol is ex- 
creted while the endometrium is proliferating, whereas it is present in the urine 
in every case when the endometrium is in the secretory, progestational condition. 

Hain (1940) states that during the last 3 weeks of gestation in women the ex- 
cretion of pregnanediol, like that of combined oestrogen, rises, the largest output 
occurring 8 or 10 days before parturition. 

Stover & Pratt (1939), investigating the urinary output of pregnanediol in 
non-pregnant women, found that the maximum excretion, amounting perhaps 
to 8 mg. in 24 hours, takes place between the 21st and 26th days of the menstrual 
cycle. Pregnanediol appears in the urine, they say, within 48 hours of ovulation, 
and ceases to be excreted in recognizable amount i to 4 days, usually 2 days, 
before the menstrual flow. During pregnancy pregnanediol is excreted in ever 
greater quantity until full term, there being no demonstrable drop in excretion 
before labour. In a case in which pregnancy was interrupted by hysterectomy, 
the excretion of pregnanediol continued during the next 5 days. 

Cope (1940^2, b) says that pregnanediol is excreted during the luteal phase of 
the oestral cycle, disappears from the urine just before uterine bleeding begins, 
and reappears about the 14th day of the next cycle. He suggests that the con- 
tinued excretion of pregnanediol may be used as a very early indication of 
pregnancy. He has found that during the first few weeks of gestation the amount 
excreted is small, and then gradually increases to a maximum, which is reached 
in 8 or 9 months. The amount excreted in any particular stage of menstruation or 
pregnancy varies widely, he says, as between one individual and another, maxima 
varying from 30 to 120 mg, per diem being noted during pregnancy. To judge 
whether a given sample of urine submitted for assay is in fact a 24-hour sample, 
Cope suggests that the creatinine content, which ought to be more than 1,000 mg. 
in the 24 hours, may be estimated. Chronic nephritis and toxaemia of pregnancy, 
he points out, interfere with the excretion of pregnanediol. 

According to Hamblen, Ashley & Baptist (1939) there are three main stages in 
the natural metabolism and elimination of progesterone, (i) In the endometrium, 
they say, progesterone is converted into pregnanediol; (2) in the liver the 
pregnanediol is combined with glycuronic acid; (3) as sodium pregnanediol 
glycuronate the hormone is excreted by the kidney. 

Venning & Browne (1940) found that in a normal menstruating woman with 
a cycle of between 25 and 27 days, excretion of pregnanediol in the urine occurred 
from the 14th to the 25th day of the cycle, the maximum being on the i8th, 19th 
or 20th day. After hysterectomy — with or without removal of the ovaries — 
neither the injection of progesterone nor of pregnanediol, they say, leads to the 
appearance of combined pregnanediol in the urine, whereas the injection of 
20 mg. of sodium pregnanediol glycuronate is follow’'ed by the identification of 
about 50 per cent of the injected compound in the urine. In the presence of active 
corpora lutea, when the endometrium is in a secretory state, intramuscular in- 
jections of sodium pregnanediol glycuronate or of progesterone lead equally to 
the excretion of sodium pregnanediol glycuronate in the urine. The foregoing 
observations support the view" that the endometrium when in a secretory, pro- 
gestational phase is largely responsible for the conversion of progesterone into 
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pregnanediol. The fact that oestradiol benzoate given to women in doses of 
20,000 to 80,000 i.u. reduces the urinary output of pregnanediol, as reported by 
Pattee, Venning & Browne (1940), seems to accord with this view, for these 
doses of oestrogen would suppress the progestational stage of the menstrual 
cycle. 

Whether the endometrium is. or is not the main site for th^ conversion of 
progesterone into pregnanediol, it can hardly be regarded as the only one, for 
Buxton & Westphal (1939) gave 30 mg. of progesterone daily to two men with 
Addison’s disease and to one normal man aged 34, and in all three cases sodium 
pregnanediol glycuronate was recovered from the urine; and, as mentioned above, 
Stover & Pratt have reported the continued excretion of pregnanediol for 5 days 
after hysterectomy. 

Pregnanediol is not the only excretory product of progesterone, for Westphal 
& Buxton (1939) failed to recover pregnanediol from the urine of monkeys, 
rabbits and cats which were pregnant or had received injections of progesterone 
(see also Astwood & Weil, 1940; Marker & Hartman, 1940; Hamblen, Cuylef & 
Hirst, 1940; and Elder, 1941). 

Other compounds allied to, though not necessarily derived from, progesterone 
have been detected in the urine. Marker, Kamm & McGrew (1937) isolated 
an isomer of pregnanediol (^/Zopregnanediol) and another progestin, namely 
epZa/Zo-pregnane“Ol--3-one-20, from the urine of pregnant women ; and Butler & 
Marrian (1937) identified pregnane-3 : 20- triol in the urine of patients with 
adrenal hyperplasia. 

. The excretion of pregnanediol is not invariably confined to the female of a 
species. Marker, Wittle & Lawson (1938) found higher concentrations of 
pregnanediol in the urine of sixteen bulls than occur normally in the urine of 
pregnant cows or in that of pregnant women. It is interesting in this connection 
to recall the large amounts of oestrogen excreted by stallions (p. 105). 


The Corpus Luteum 

After a ripe ovarian follicle has ruptured and discharged its ovum it becomes 
replaced under normal conditions by a corpus luteum. More than a century ago 
it was noticed by anatomists that these corpora lutea are largely developed and 
persistent during pregnancy and lactation. Such a constant association eventually 
led inquiring minds to define by experiment the connection of well-developed 
corpora lutea with anoestrus, pregnancy and lactation. Research proceeded in 
two ways ; first, by observing the actions of the corpus luteum as a whole, and 
secondly, by the use of luteal extracts and the determination of their biological 
capacities. 

Progress by the second of these methods was for long hampered by the fact that 
the extracts often contained a mixture of oestrogen and progesterone, and as the 
two hormones interfere with each other in some of their biological actions, an 
advance of knowledge by the use of extracts was hampered. Parkes & Bellerby 
(1928) showed that in cows the quantity of oestrogen in the corpora lutea depends 
largely on their state of development. If they contain free fluid considerable 
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amounts of oestrogen are present, but later, when they have become solid, the 
corpora lutea yield but little oestrogen. 

The fact that the ovary produces two different hormones was first made clear 
by Marshall & Jolly (1905). They determined by experiments on dogs that (i) 
bitches could be brought into heat by extracts or grafts of oestral ovaries, (2) 
corpora lutea did not have this effect, (3) corpora lutea were essential for gestation 
during the early stages of pregnancy (see also Marshall, 1910). 

As soon as a practical method of separating the two hormones had been devised 
(Allen & Meyer, 1933) progress became rapid, and was further assisted when, in 
the following year, a number of chemists succeeded in isolating progesterone in 
a pure crystalline state (Allen & Wintersteiner, 1934; Butenandt, Westphal & 
Hohlweg, 1934; Slotta, Ruschig & Pels, 1934; Hartmann & Wettstein, 1934). 
The two isomorphous and interchangeable forms of the pure hormone so obtained 
were named a-progesterone and jS-progesterone by Allen, Butenandt, Comer & 
Slotta (1935). 

With the pure hormone available accurate experiments became possible, and 
observations made on the corpora lutea themselves became of less consequence, 
though, as will be seen presently, they have provided a great deal of useful 
information. 

Before discussing in detail the actions of progesterone on ‘the female repro- 
ductive organs it may be useful to consider some of the factors controlling the 
existence of the corpora lutea. 

The Development and Maintenance of Corpora Lutea 
A. The Development of Corpora Lutea 

The first event in the normal formation of a corpus luteum is ovulation, that is to 
say, the rupture of a graafian follicle with release of the contained ovum. Bouin 
& Ancel (1909) showed that in the rabbit the development of corpora lutea could 
be induced merely by opening ripe follicles with a needle or fine scissors. In 
natural circumstances in the rabbit, as in some other animals, the ovarian follicles 
rupture only in response to mating or to an equivalent stimulation of the pituitary 
which responds by supplying the amount and kind of gonadotrophin (LH) required 
for ovulation. 

Evans & Long (1922 a, Z>) discovered that intraperitoneal injections of an 
extract made from the pituitaries of oxen caused the arrest of oestms in the rat 
with the formation of great numbers of substantial corpora lutea and an absence 
of ripe graafian follicles. They found also that ovulation was not a necessary fore- 
runner of luteinization, for this change took place in the unruptured ‘atretic' 
follicles of rats under treatment with pituitary extract. 

Hill & Parkes (1930) showed that a single intravenous injection of placental 
gonadotrophin, given to non-mated rabbits during oestrus, brings about ovula- 
tion followed by the development of corpora lutea and pseudopregnancy. Zondek 
(1934^) obtained comparable effects in the bat. This animal copulates before 
hibernation and, so it is said, the sperm remains viable in the uterus until the 
winter sleep is over, when it fertilizes the ovum discharged from the ripe follicle. 
By giving prolan to bats Zondek caused ovulation followed by the formation of 
corpora lutea even during hibernation. 
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The rapidity with which the pituitary produces an effective supply of gonado- 
trophin in response to a suitable excitation is remarkable. Fee & Parkes (1929) 
found that ovulation and the formation of corpora lutea after mating could be 
prevented in the rabbit by removal of the brain and pituitary, but only if the 
pituitary were removed within less than i hour after copulation. If hypophy- 
sectomy were done when the interval since coitus had been long enough to permit 
ovulation, the development of corpora lutea was not prevented (Deanesly, Fee & 
Parkes, 1930). Smith & White (1931) allowed rabbits to mate, and removed their 
pituitaries slightly more than i hour later. Nevertheless ovulation occurred and 
was followed by luteinization, which progressed normally during the next 2 days. 

Luteinization is not an inevitable consequence of the ripening of ova. In some 
species, as in man and dog, ovulation with the subsequent formation of functional 
corpora lutea usually follows the arrival of ova at maturity. In other species, 
among which are the rabbit and ferret, ovulation does not succeed maturation in 
the absence of mating or some other effective stimulus; consequently in these 
animals corpora lutea are not developed in ordinary circumstances in the absence 
of sexual excitation. In yet other species, including the rat and mouse, ovulation 
accompanies every oestral cycle, and corpora lutea form but rapidly degenerate 
without exercising much if any secretory function. 

Whatever circumstances may came the production of corpora lutea one essential 
factor appears to be a supply of LH, and there is some evidence that the co- 
operation of oestrogen is required for this supply. 

Varieties of corpora lutea. The remarks made above suggest that different 
kinds or grades of corpora lutea exist. Six can be distinguished, as follows. 

(i) Atretic follicles, Luteinization, or a change resembling it, occurs in atretic 
follicles, which are follicles whose development has been arrested at a stage before 
maturity and which have failed to rupture though submitted to the influence of 
LH. The condition may be seen in animals persistently treated with LH, or else 
with oestrogen and so deprived of FRH. These corpora lutea, if they can properly 
be given this name, are embedded in the ovary, remain small, and do not seem to 
exercise any progestational action. 

(ii) Non-functional^ oestral corpora lutea. As mentioned above, in some 
species, including the rat and mouse, corpora lutea develop with every recurrent 
oestrous cycle ; but whatever their function may be, if any, it does not appear to be 
progestational in character and the corpora lutea rapidly undergo involution. 

(iii) Functional oestral corpora lutea. In yet other species, including man, in 
which spontaneous ovulation as a rule accompanies every period of oestrus when 
adult age has been reached, a corpus luteum develops after the rupture of each 
follicle and exercises a progestational function. 

(iv) Corpora lutea of pseudopregnancy. In some animals, the dog and rabbit 
for example, ovulation in the absence of conception, whether mating has or has 
not occurred, is naturally followed by pseudopregnancy. Between these two 
species there is this difference that in the dog maturation of the follicles proceeds 
normally to their rupture with the consequent results of luteinization and pseudo- 
pregnancy. In the rabbit mating or some other accessory stimulus is required to 
cause rupture of the mature follicles, but after the action of this stimulus and 
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the consequent ovulation, pseudopregnancy will ensue as it does in the dog. The 
corpora lutea which accompany pseudopregnancy are distinguished from those 
of normal oestrus by their greater size, their more pronounced functional 
activity, and their longer persistence. 

(v) The corpora lutea of pregnancy are not essentially different from those of 
pseudopregnancy, but usually they are larger and perhaps hav^e a longer life, for 
in most animals in which the condition has been studied pseudopregnancy is of 
shorter duration than normal pregnancy. 

(vi) Corpora lutea of lactation. After the brief period of oestrus which follows 
parturition corpora lutea form and, if lactation is in progress, become functionally 
active and persistent. These corpora lutea are larger than those of oestrus, but 
not so large as those of pregnancy (p. 399). 

Sensory stimuli which lead to the formation of corpora lutea. It will be con- 
venient to consider here what sort of stimuli will induce ovulation and the conse- 
quent formation of active corpora lutea in animals which, like the rabbit, do not 
ovulate spontaneously, or in animals which, like the mouse and rat, ovulate 
spontaneously but do not in ordinary circumstances produce functional corpora 
lutea. In these species an accentuated impulse is required, apparently, to 
stimulate the production by the pituitary of enough LH to effect efficient 
luteinization. 

(i) Mating. As mentioned earlier, the effect of copulation in the rabbit is to 
cause an almost immediate release of LH from the pituitary, with the result that 
the ripe follicles rupture and give place to functional corpora lutea. These results 
follow whether the mating takes place with a normal male or with one which has 
been rendered sterile by a previous ligation of the vasa deferentia. The excitatory 
impulses appear to reach the pituitary through afferent paths of the nerv^ous 
system, and to some extent may be regarded as involving psychic mechanisms 

(P- 39 )* 

(ii) Suckling and lactation. Selye & McKeown ( 1 934 a) made use of some non- 
pregnant rats which had previously borne and nursed young but had already 
weaned them and had been in oestrus since. To these rats were given young 
litters which, in some instances, they were able to suckle. As a consequence their 
mammary glands developed, they displayed constant dioestrus, their uteri under- 
went progestational changes, the ovaries contained large corpora lutea, and 
maturing follicles were absent. 

(iii) Stimulation of the cervix uteri. Long & Evans (1922) found that the de- 
velopment of corpora lutea and pseudopregnancy could be induced in rats by 
inserting glass rods into the cervix uteri; this effect followed even if the ovaries 
had been removed and transplanted into another part of the body. The 
result therefore is not the consequence of any direct nervous excitation of the 
ovary. 

The influence of aflFerent nerve impulses derived from the uterus or vagina on 
the output of gonadotrophin from the pituitary has been showm in several dif- 
ferent ways. Meyer, Leonard & Hisaw (1929) repeated and confirmed the experi- 
ments of Long & Evans on the production of corpora lutea and pseudopregnancy 
by stimulation of the uterine cervix, and they noted that if the cervical stimulation 
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were performed under anaesthesia these results followed less often. Haterius 
(1933) found that abdominal sympathectomy or removal of the cervical ganglia 
prevented the induction of pseudopregnancy in rats by mechanical or electrical 
stimulation of the cervix uteri, but did not interfere with its induction by sterile 
mating (Table 187). The induction of ovulation and pseudopregnancy by elec- 
trical stimulation of the cervix uteri has been recorded by Shelesnyak (1931), 
Marshall & Verney (1936), Creep & Hisaw (1938) and Astwood (19396). 


Table 187. The effect of dividing nervous pathways on the induction of 
pseudopregnancy in the rat (Haterius, 1933) 


Method used to induce 


Number 

Number becoming 

pseudopregnancy 

Operation 

of rats 

pseudopregnant 

Sterile coitus 

Abdominal sympathectomy. 

17 

17 


Cervical ganglionectomy 

10 

10 


None 

24 

23 

Mechanical stimulation of 

Abdominal sympathectomy 

16 

0 

uterine cervix 

Cervical ganglionectomy 

10 

0 


None 

24 

II 

Faradic stimulation of 

Abdominal sympathectomy 

16 

I 

uterine cervix 

Cervical ganglionectomy 

10 

0 


None 

24 

22 

(iv) Psychic stimuli. 

Ovulation, followed by the, formation of corpora lutea 


and pseudopregnancy, may be induced in the rabbit merely by placing her in a 
cage adjoining one containing an adult male or perhaps a female. It will be re- 
membered that a virgin pigeon may be induced to ovulate, not only by permitting 
the proximity of a male, but also by the proximity of another female, or even by 
putting a looking-glass in the pigeon^s cage by which she can see her own 
reflection (p. 39). The experiments of Haterius just referred to may also be 
thought to indicate the effectiveness of a psychic stimulus in causing ovulation 
and luteinization. 

The absence of corpora lutea in oviparous animals. In the experiment with the 
pigeon just mentioned the formation of corpora lutea does not follow ovulation. 
These bodies do not occur in the bird's ovary, although according to Leonard 
(1937) the bird’s pituitary produces LH. Fraenkel & Martins (1938) and 
Fraenkel, Martins & Mello (1940) examined pregnant viviparous snakes {Crotalus 
terrificus and Bothrops jararaca) and found in their ovaries corpora lutea re- 
sembling those of mammals and corresponding in number with the embryos 
present in the uterus. If in the course of pregnancy the corpora lutea were 
removed, the embryos died. Such corpora lutea, they say, are not found in 
oviparous snakes, and in viviparous snakes are present only during pregnancy. 

B. The Maintenance of Corpora Lutea 

To exert properly their functions in the living body the corpora lutea are 
controlled in accordance with temporary physiological needs. Such regulation 
involves not only their mere existence as functional organs, but includes also the 
degree of their activity; not so much progestin is required during lactation as 
during pregnancy and this difference in demand is reflected in the structure and 
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to some extent in the size of the corpora liitea. Long & Evans (1922) measured 
the corpora lutea of rats and found the following maximum diameters : 


Corpora lutea of ovulation 

mm. 

1*2 

,, „ „ pseudopregnancy 

1*4 

,, ,, „ lactation 

1*4 

„ „ „ pregnancy 

2*0 


(i) The role of the pituitary in the maintenance of corpora lutea. Before pro- 
ceeding to discuss this matter an explanation already given will be repeated here 
to avoid a possible misunderstanding. The writer will refer to ‘follicle ripening 
hormone’ or FRH, and ‘luteinizing hormone’ or LH, as though they were 
established as distinct entities. Whether they are two different compounds or 
whether there is only one hormone whose actions vary with different circum- 
stances is a problem yet unsolved. Meanwhile to discuss in a lucid manner the 
phenomena of maturation of ova, ovulation and luteinization without using a 
terminology which distinguishes between the causes of the two gonadotrophic 
effects of maturation and luteinization is difficult, and so the writer, for con- 
venience, has taken the easier course of writing as though two distinct pituitary 
gonadotrophins were known to exist. 

It might be thought that, having developed in response to LH from the 
pituitary, corpora lutea would depend for their maintenance on a continued 
supply of this hormone, and some of the earlier experimental work seemed to 
support such a proposition. Evans & Long (1922a, b) found that the repeated 
administtation of fresh anterior pituitary substance to female rats suppressed 
oestrus and caused abundant and persistent luteinization of the ovaries. Evans 
& Simpson (1929 a) implanted fresh pituitaries into pregnant rats and found that 
gestation was prolonged thereby for several days beyond the normal and that the 
ovaries were heavily luteinized, and Katzman, Levin & Doisy ( 1931) gave extracts 
from pregnancy urine, i.e. LH, to rats in the later stages of gestation with the 
result that delivery was delayed, and the ovaries were enlarged and showed 
excessive luteinization. Later work proved, however, that corpora lutea do not 
depend directly for their continued existence on pituitary LH. Smith (1932) 
reported the presence in the rat’s ovary of well-formed corpora lutea, 0-5 mm. in 
diameter, 12 months after hypophysectomy. Bunde & Creep (1936), having in- 
duced heavy luteinization of the ovaries in young rats by injections of an anterior 
pituitary extract, then removed the rats’ pituitaries and noted that this procedure 
was not followed by an immediate regression of the corpora lutea. Pencharz & 
Long (1933) removed the pituitaries of rats at various stages of pregnancy and 
observed that the operation if done after the 12th day of gestation had no de- 
tectable effect on the corpora lutea. In this case it might be possible to attribute 
the persistence of the corpora lutea to placental activity (see also Robson, 1938). 

From these facts and others which will be mentioned later it appears that 
a supply of LH is essential for the production of corpora lutea though not for their 
maintenance once they have developed. Having formed they tend to persist provided 
that FRH is absent. It does not follow, however, that they remain functional 
in these circumstances. Evans, Simpson & Lyons (1941) say the corpora lutea 
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induced in immature or hypophysectomized rats by gonadotrophin are usually 
non-functional as tested by their capacity to assist the formation of placentomas. 

(ii) Maintenance of corpora lutea by the placenta. Many experiments, some of 
which will be cited presently, have shown that the corpora lutea of advanced 
pregnancy depend in some species upon the placenta, and here' again there is a 
temptation to regard the LH produced by the placenta as the essential agent. 
The following experimental results may be quoted. Loeb (1914) caused extra- 
uterine pregnancy in the guinea-pig and found that it was accompanied by de- 
generation of the corpus luteum and a renewal of ovulation in spite of the presence 
of a living embryo in the abdomen. He concluded that the placenta was re- 
sponsible for maintaining the corpora lutea and preventing ovulation during 
normal pregnancy. Pencharz & Long (1933) observed that hypophysectomy 
performed on rats after the 12th day of gestation had no detectable effect on the 
corpora lutea, whereas if done at an earlier stage it led to a cessation of luteal 
function and terminated pregnancy. Their results are summarized in Table 188. 


Table 188. Results of hypophysectomy at different stages of gestation 
in the rat (Pencharz & Long, 1933) 


Days after coitus 
4 

7 to 10 
II to 20 
21 


Result 

Failure of nidation 

Failure to maintain pregnancy 

Persistence of corpora lutea with prolongation of pregnancy 
Normal parturition at term 


Removal of the pregnant uterus in the rabbit is followed by degeneration of the 
corpora lutea (Klein, 1933^), and it may be of interest to consider this fact in 
the light of other experiments. Hammond (1917) removed the foetuses from 
pregnant rabbits, leaving the placentae, which survived in some instances until 
the end of the normal term of gestation ; but the corpora lutea degenerated and he 
therefore believed that they were dependent on the presence of the ovum. Klein 
(19336, 193s) obtained a different result. From the unilaterally gravid rabbit he 
removed all the embryos on the 1 5th day of gestation, leaving the placentae intact. 
In spite of the absence of embryos the corpora lutea persisted in a functional state 
so that mucification of the vagina was maintained. Unless the placentae are intact, 
he says, the corpora lutea degenerate. If when the embryos are removed the 
placentae are detached but left in place, the corpora lutea degenerate as though 
the placentae were absent. Astwood & Creep (1938) showed the dependence of 
active corpora lutea on placental influence in a different way. They caused pseudo- 
pregnancy in rats by faradism of the cervix uteri during oestrus and 4 days later 
injured the endometrium. In all of thirty-five rats so treated deciduomata de- 
veloped, showing that active corpora lutea were present. In other rats treated in 
the same way but hypophysectomized on the day of endometrial injury no deci- 
duomata appeared. If, however, to these hypophysectomized rats suspensions of 
rat placenta were injected twice a day deciduomata developed, but this only 
happened if the ovaries were present and active corpora lutea had formed. 
Astwood & Greep concluded from these results that during normal pregnancy in 
the rat the corpora lutea depend on the placentae for their maintained activity, 
presumably by a luteotrophic hormone. 
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Deanesly & Newton (1941) found that hypophysectomy of mice, combined 
with destruction of the embryos, on the 1 2th day of pregnancy was not followed 
by atrophy or degeneration of the corpora lutea provided that the placentae w^ere 
left in situ. If, however, the placentae were eliminated as well as the embiy^os on 
the 1 2th day of pregnancy, degeneration of the corpora lutea followed. 

In these experiments on pregnant animals it seems certain that the maintenance 
of the corpora lutea depended upon the vital activity of the placenta. This would 
not necessarily mean that the LH, which we know to be produced by the placenta, 
is the only active agent. The placenta is not only a source of LH, but also of 
gonadal hormones including oestrogen, androgen and progestin, and it seems 
possible that these may be the chief factors in the persistence of corpora lutea 
in an active state. The gonadal hormones check the formation of FRH, on an 
absence of which, as mentioned earlier, the maintenance of corpora lutea seems 
largely to depend. (But see p. 408 for reference to an experiment by Hill which 
hardly seems to support this view in an unmodified form.) 

(iii) The influence of gonadal hormones on corpora lutea. Several workers have 
reported that the gonadal hormones may help to sustain the corpora lutea in a 
condition of functional activity, Selye, Collip & Thomson (1935) noticed that in 
rats the administration of oestrogen leads to the formation of many large corpora 
lutea. Eight nursing rats were given daily injections of 5007 of oestrone from the 
4th to the 14th day of lactation. They remained throughout this time in the 
dioestral state with mucified vaginae. Post-mortem examination at the end of this 
period revealed a considerable enlargement of the ovaries due to an increased size 
of the corpora lutea. Wolfe (19356) gave 200 r.u. of oestradiol benzoate daily for 
12 days to twenty-five adult female rats. Vaginal oestral smears were obtained in 
these rats during the first 3 to 5 days of the treatment, after which mucification 
occurred. The ovaries of these rats contained a normal number of corpora lutea 
but these were much larger than the corpora lutea of normal oestrus, being equal 
in size to those of the latter half of pregnancy. Allen & Heckel (1936) gave injec- 
tions of oestrin to rabbits from the i ith day of pseudopregnancy onward, wdth the 
result that regression of the corpora lutea was prevented. Robson (19376, 1938) 
induced pseudopregnancy in rabbits by intravenous injections of gonadotrophin. 
Later the presence of corpora lutea was verified by laparotomy, Hypophysectomy 
was then done, after which the corpora lutea atrophied. This atrophy could be 
prevented either by {a) gonadotrophin or (6) oestrogen, provided that the ad- 
ministrations were begun at once. If withheld until the end of 3 days after hypo- 
physectomy, whether oestrogen had been given meanwhile or not, gonadotrophin 
alone no longer maintained the corpora lutea. It is known, Robson says, that 
during such an interval of 3 days after removal of the pituitary the ability of the 
ovary to respond to gonadotrophin rapidly becomes less. The experiments sug- 
gest that gonadotrophin maintains the luteal function not by a direct action on 
the corpora lutea but by stimulating the ovaries to produce oestrogen. The 
daily doses of oestrogen used in these experiments were loy of oestrone or 
5y of oestradiol. Heckel & Allen (1939) observed that regular doses of oestrin 
given to rabbits in the later stage of pregnancy delay parturition. The presence 
of the ovaries is required, they say, for this effect, which they attribute to a 
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maintenance of the corpora lutea in a functional state through the influence of 
oestrogen. 

Creep (1940) states that injections of oestrin in hypophysectomized animals 
prevent involution of the corpora lutea. He says further that, whereas removal of 
the rabbit’s pregnant uterus on the 15th day of gestation is followed by a rapid 
involution of the corpora lutea, this involution can be prevented by injections of 
oestrogen. Westman (1940), experimenting with rabbits, made the following 
observations: (i) If a mature follicle is allowed to remain after coitus (the sur- 
rounding ovarian cortex being destroyed by electrocoagulation), a normal corpus 
luteum does not develop ; (2) if the ovarian cortex is destroyed around a corpus 
luteum which has already matured its growth and function are interrupted; 
(3) if oestrogen is given in either of the above circumstances the normal develop- 
ment and functional activity of the corpus luteum are preserved. Westman noted 
also that by the administration of oestrogen the active life of the corpora lutea 
in a pseudopregnant rabbit could be at least doubled. He found also that 
if hypophysectomy be performed on a pseudopregnant rabbit the corpora 
lutea degenerate between the 3rd and 5th days after; they can be maintained, 
however, for at least 14 days by the administration of oestrogen. He states that 
oestrone, oestradiol and diethylstilboestrol all have this preservative effect, which 
was not shown by progesterone, androsterone, testosterone or adrenocortical 
hormone. Further remarks on the influence of oestrogen in maintaining the 
corpora lutea in a functional state will be found on p. 282. 

Androgens however, if given in adequate amount, appear to have a sirhilar effect 
in maintaining the corpora lutea (p. 192). 

Progesterone will cause the corpora lutea to persist according to McKeown & 
Zuckerman (1937), who gave daily injections of i mg. of progesterone to seven 
rats which were known to have normal oestral cycles. During the 9 to 1 1 days 
of this treatment the rats with one exception remained in dioestrus and corpora 
lutea persisted in all. The effect of progesterone in maintaining the corpora lutea 
has not been always observed. Neither Westman, in the experiments quoted 
above, nor Courrier & Kehl (1938 i) confirm such an effect. The latter found that 
10 mg, of progesterone given daily to a pregnant rabbit, while not interfering 
with gestation, caused involution of the corpora lutea. We have to remember 
that the actions of the sexual hormones are so complicated and depend so much 
on relative dosages and other circumstances that the observations of Westman 
and of Courrier & Kehl do not necessarily disprove the statement that pro- 
gesterone, supplied in appropriate doses, may tend to preserve the corpora lutea 
in a functional state. 

(iv) Suckling and lactation, Selye & McKeown (1934a), using multiparous 
rats which were shown at the time by vaginal smears to have regular oestral 
cycles, induced them to suckle the young of other rats. Although these foster- 
mothers produced little or no milk, they remained while suckling in continued 
dioestrus, their uteri underwent progestational changes, their ovaries contained 
corpora lutea which were much enlarged, and in some instances placentomata 
could be induced. Maturing ovarian follicles were not present. Selye & McKeown 
point out that the mechanism by which suckling causes the formation, of per- 
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sistently active corpora lutea is different from that which produces this result in 
pseudopregnancy. In the latter a single event will bring about a continued effect, 
whereas with lactation the corpora lutea persist only so long as the suckling is 
continued, and removal of the infants is soon followed by degeneration of the 
corpora lutea and the reappearance of oestrus. 

Among the agents which inhibit ovulation and help to maintain the corpora 
lutea in a functional state are, it seems, prolactin and adrenocorticotrophin 
(Lyons, 193 7 <2). Active corpora lutea are not essential for the continuance of 
lactation, for McKeown & Zuckerman (1937) destroyed the corpora lutea in 
seven suckling rats which nevertheless continued to lactate and remained in 
dioestrus until 5 days after the young had been weaned. Clinical experience 
had already proved that removal of the ovaries in women does not prevent 
lactation (see also Lyons, 1942, and Lyons, Simpson & Evans, 1943). 

(v) Influence of the uterus on the survival of corpora lutea, Selye (1934) showed 
that the placenta is not required to prevent the corpora lutea from involuting; he 
removed the foetuses and placentae from pregnant rats by laparotomy and intro- 
duced paraffin so as to cause distension of the uterus. This procedure led to pro- 
longed dioestrus and persistence of the corpora lutea. E. Allen (1937) showed by 
Dustin’s colchicine method that distension of the uterine cavity by pellets of 
paraffin is followed by proliferation of the uterine muscle, both circular and 
longitudinal, and much mitotic activity in the endometrium. 

Another fact which suggests that the uterus has an influence on the corpora 
lutea was reported by Loeb (1927, 1932), who observed that hysterectomy in the 
guinea-pig, if performed shortly after oestrus, caused the life of the corpora lutea 
to be prolonged even for as long as 100 days, a condition similar to that of pseudo- 
pregnancy becoming established with mucification of the vagina and an arrest of 
ovulation. If in these circumstances the corpora lutea were removed ovulation 
was quickly resumed. These consequences of hysterectomy in the guinea-pig did 
not occur in the rat. In this animal active corpora lutea do not follow ovulation 
apart from pregnancy or pseudopregnancy. Asdell & Hammond (1933) obtained 
results comparable with those of Loeb. They performed hysterectomy on im- 
mature rabbits. At puberty these were mated. Corpora lutea then developed and 
retained their size and inhibited ovulation for periods varying from 24 to 29 days, 
that is to say about 10 days longer than the active life of corpora lutea in ordinary 
circumstances in the pseudopregnant rabbit. Hechter, Fraenkel, Lev & boskin 
(1940) found that hysterectomy of pregnant animals is followed by persistence 
of the corpora lutea for almost the length of their normal period of activity during 
gestation (Table 189). 


Table 189. The persistence of corpora lutea after hysterectomy during 
pregnancy (Hechter, Fraenkel, Lev & Soskin, 1940) 


Guinea-pig 

Rabbit 

Rat 


Duration of normal 
pregnancy 
(days) 

65 

32 

21 


Length of survival of corpora lutea in animals 
hysterectomized during pregnancy 
(days) 

6o”ioo 

25-29 

21 
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The extended survival of active corpora lutea after hysterectomy may perhaps 
depend on the capacity of the endometrium to inactivate progesterone by con- 
verting it into pregnanediol, as mentioned a few pages earlier (p. 393). If this be so, 
hysterectomy during the non-progestational phase would have little or no eifect 
upon any non-functional corpora lutea which happened to be present. 

(vi) Persistence of corpora lutea in the absence of FRH. From the experiments 
quoted above it is obvious that the biological mechanisms on which the corpora 
lutea depend for their maintenance have not yet been exactly defined. In a 
general review of experimental results it is seen that the maintenance of 
corpora lutea is usually associated with an absence of FRH, whether this is 
the consequence of hypophysectomy, or of the inhibitory action of gonadal 
hormones. The reason why distension of the uterus seems to inhibit the output 
of FRH by the pituitary remains a subject for future experiment. 

Concerning the effect of FRH on the formation of corpora lutea it may be re- 
called that the pituitary of the castrated male, unlike that of the normal female, 
produces a continuous supply of FRH. This is shown by placing a castrated male 
and a normal female in parabiotic union, in which state the formation of effective 
corpora lutea is prevented and continuous oestrus occurs. Lipschiitz (1938) 
demonstrated the same phenomenon in another way. He found that an ovary 
grafted successfully into a castrated male guinea-pig remains in a constant folli- 
cular phase, luteinization being absent. A vagina transplanted into one of these 
ovary-hearing castrated male rats showed an oestrous condition lasting for several 
weeks. 

As a rider to the above argument it might be said that the corpora lutea by 
producing progesterone are themselves able to check the supply of FRH by the 
pituitary and are to this extent self-supporting. 

The influence of the thyroid on the corpus luteum. In some instances the thyroid 
seems to play a part in the development and maintenance of functional corpora 
lutea. Weichert and Boyd (1933) gave J or ^ a gram of desiccated thyroid daily 
to female rats. This treatment caused dioestrus lasting for 13 to 24 days and re- 
curring at intervals so long as the thyroid feeding was continued, one or two 
normal oestral cycles intervening between each prolonged dioestrum. When the 
thyroid feeding ceased normal oestral cycles became re-established. Apparently 
the prolonged dioestrous periods represented pseudopregnancy; their duration, 
the character of the corpora lutea, the presence of vaginal mucification and the 
formation of deciduomata in response to uterine trauma seemed to warrant such 
a conclusion. 

The sensitivity of the corpus luteum to X-rays. By a series of experiments on 
mice Parkes {igzja, b; see also Brambell, Fielding & Parkes, 1928) showed that 
corpora lutea are more resistant than ovarian follicles to X-radiation. By doses of 
X-radiation enough to cause complete degeneration of the ova as well as the 
granulosa cells, the corpora lutea were apparently unaffected, and after such 
treatment lactational dioestrus continued for its normal period of about 3 weeks. 
The fact that oestrus then supervened although follicular maturation had been 
arrested is another observation made by Parkes in the course of his experiments 
and is mentioned elsewhere (p. 253). Lacassagne, Fehr & Nyka (1936) applied 
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varying doses of X-rays to the ovaries of rabbits a few hours after copulation, 
and on the 6 th day transfixed the uterine horns with threads, the animals being 
killed on the 12th day. By this method they, also, found that the resistance of 
corpora lutea to X-radiation is greater than that of the ova. A dose of X-radiation 
sufEcient to kill the ova did not prevent the activity of corpora lutea, which still 
produced enough secretion to permit progestational changes and the formation 
of deciduomata in the uterus. 



Chapter XXII. Progestins (continued) 

THE BIOLOGICAL ACTIONS OF PROGESTIN 

Effect on pituitary and on embryological development: on testis and ovary; on accessory gene- 
rative organs of male and female. Co-operation and antagonism between progestin and other 
gonadal hormones. Similarities in action between progesterone, androgen, oestrogen and 
adrenal cortical hormones. 

The natural history of the corpora lu tea or luteal glands having been discussed 
in a general way, the biological activities of their special secretions may now be 
considered. To avoid giving the impression that progesterone is the only effective 
luteal hormone, the term progestin will be used in a generic sense to include 
cognate compounds. 

The Pituitary 

Progestin, like the other gonadal hormones, acts either directly on individual 
organs, or indirectly affects them through the changes which it induces in the 
anterior lobe of the pituitary gland. These pituitary changes have been dealt with 
already (pp. 57, 91) and need no further reference here except perhaps to recall the 
fact that progestin arrests the output of FRH and so interferes with the maturation 
of ovarian follicles and the initiation of ovarian cycles. For this purpose relatively 
large amounts are required. 

Embryological Development 

It' will be remembered that both oestrogen and androgen have a pronounced in- 
fluence over the development of the reproductive organs. Unfortunately we are 
not in a position to say much about the effects of progestin on the immature 
organs, for little experimental inquiry has been made into the subject. Burrows 
(i939r) found that progesterone, like androgen and oestrogen, when injected into 
newborn female rats and mice, causes hypospadias, the ventral wall of the clitoris 
becoming deficient so that the opening of the urethra instead of being at its apex 
is at its base, level perhaps with the margin of the vaginal orifice. Burrows found 
also that, when persistently given to young male rats, progesterone checks the 
development of the testes and prevents their descent into the scrotum. Much has 
been done to determine what influence progesterone exerts on the development 
of the mamma (p. 430). Beyond these observations we know little about the effects 
which progesterone may have upon the growth of the reproductive organs in 
early life. 

Male Reproductive Organs 

(fl) The testis. Besides preventing their descent in juveniles progestin has 
other effects on the testes. Nelson (1937^3:) found that progesterone and preg- 
naneolone, like androgen, will maintain spermatogenesis for awhile in hypo- 
physectomized rats if the administration follows the operation at once and is 
continued without intermission. In this action pregnaneolone appeared to be 
more effective than progesterone. In maintaining spermatogenesis after hypophy- 
sectomy 2*5 mg. of progesterone were about equivalent to 0*5 mg. of testosterone. 
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these doses being given daily. When considering how this effect is brought about, 
it may be useful to recall the similar result induced by androgen. Cutuly, McCul- 
lagh & Cutuly (1937a) showed that scrotal atrophy and return of the testes into 
the abdomen, which follow removal of the pituitary in rats and mice, may be 
prevented by giving androsterone or testosterone, and they suggest that the 
continuance of spermatogenesis in these circumstances may be attributed to the 
testes remaining in the scrotum. Against this explanation Nelson points out that 
although testosterone is the most effective stimulator of scrotal development, 
0-25 mg. daily causing large pendent scrota even in hypophysectomized rats, yet 
the testes are thereby but poorly maintained; moreover, androsterone is more 
effective than testosterone in maintaining spermatogenesis, though it has less 
influence on the scrotum. Dehydroandrosterone or androstanedione in daily doses 
of 0*5 mg., he says, will maintain spermatogenesis after hypophysectomy, though 
they have only a slight influence on the accessory sexual structures; under their 
influence the scrota are fairly well maintained but are smaller than those of rats 
which have been given testosterone. 

There is no doubt that the presence of the testes in the scrotum is favourable 
to spermatogenesis and the longer they can be kept there the longer is spermato- 
genesis likely to continue. Information appears to be lacking as to the effect of 
progestin on the position of the testes after hypophysectomy, and knowledge on 
this point is essential for a sound discussion of the matter. 

The writer (Burrows, 1940) has observed additional evidence of a gonado- 
trophic activity of progesterone, for when given to adult rats during a short 
period it caused enlargement of the testes. He injected 5 mg. of progesterone on 
4 successive days into young male adult rats which were killed on the day fol- 
lowing the last injection. In every instance the testes of these rats were larger 
than those of controls, although by implanting their pituitaries into immature 
female mice it was found that the gonadotrophic potency of the progesterone- 
treated rats was considerably reduced. In mice also the testes became enlarged 
during a short course of progesterone given subcutaneously. 

(i) The male accessory reproductive organs. The action of progesterone on the 
accessory genital organs of the male resembles to some extent that of androgens 
in character. Burrows (1936/) found that progesterone had some capacity to 
protect the prostate, coagulating glands and seminal vesicles of non-castrated 
mice from the atrophic action of oestrogen. Van der Woerd (1938) states that 
progesterone has a slight though definite restorative effect on the preputial glands 
of castrated rats. Greene, Burrill & Ivy (1939^) castrated rats when 19 days old 
and on the same day began a course of subcutaneous injections of progesterone. 
Some of the rats received 3 mg. daily for 20 days, others were given 6 mg. daily 


Table 190. Androgenic action of progesterone on the accessor}^ reproductive 
organs of the immature castrated rat (Greene, Burrill & Ivy, 1939^) 


Daily dose of 
progesterone Days of 
(mg.) treatment 


Klean weight of Alean weight of 
ventral prostate seminal vesicles 
(mg.) (mg.) 

69-1 
ir-8 


Treated rats 
Controls 


3 


20 


13-2 

50 
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for 10 days. Under this treatment the prostate and seminal vesicles were largely 
maintained and displayed secretion. Untreated littermates were used for con- 
trols. Some of the results are shown in Table 190, 

The clitoris. In the female guinea-pig, and perhaps in other animals, pro- 
gesterone manifests androgenic potency, for it will cause the clitoris to develop 
into an organ resembling a penis. Such ejBFects have already been described (p. 1 10). 

The Ovary and the Oestrous Cycle 

(a) Oestrus and ovulation. The influence of progesterone on the pituitary has 
been discussed (pp. 57, 91), and the experiments cited are appropriate to the 
present discussion, because the action of progesterone on the ovary seems to be 
mainly indirect and to depend on its capacity to check the supply of FRH from 
the pituitary and so to inhibit maturation of follicles and oestrus. Avoiding 
excessive repetition, some experiments which bear on the subject may receive 
attention here to clarify the argument. 

Loeb (1914) noticed that extirpation of the corpora lutea from the guinea-pig^s 
ovary at an early stage of the oestrous cycle led to ovulation before the date at 
which it would normally occur. Even during pregnancy removal of the corpora 
lutea was followed by ovulation. From these facts Loeb concluded that ovulation 
is prevented by the secretion of the corpora lutea. This conclusion has been well 
established by subsequent work. 

Papanicolaou (1920) repeated and confirmed Loeb's experiments on guinea- 
pigs. Removal of the corpora lutea within 24 hours after ovulation caused the next 
oestrum to appear at the end of 1 1 days instead of 1 6 or 17 days which is the length 
of the normal oestrous cycle in the guinea-pig. Evans & Long (1922^, see Evans, 
1923-24) gave repeated intraperitoneal injections of fresh bovine pituitary extracts 
to female rats and noted that maturation of follicles and oestrus were inhibited. 
These results they attributed to excessive and persistent luteinization of the 
ovaries, which were greatly enlarged as compared with those of untreated litter- 
mates, were extensively luteinized, and showed an absence of ripe follicles. Teel 
(1926) also observed that an alkaline extract of bovine pituitaries caused arrest of 
ovulation with follicular atresia in rats. The ovaries were greatly enlarged and 
were composed almost entirely of luteinized tissue. As many as twenty corpora 
lutea were counted in one ovary. 

Some experiments by Hill (1933) may be mentioned here. He united twenty- 
four female rats in parabiosis with castrated male or female partners, and noticed 
that if corpora lutea were absent at the time of the operation, as was the case with 
immature rats, the female subjected to the gonadotrophin of the castrated partner 
soon showed continual oestrus. If, on the other hand, at the time of the operation 
corpora lutea were already present they persisted and the onset of oestrus was 
greatly delayed. 

Experiments have proved that the inhibitory influence of the corpus luteum on 
ovulation is caused by progestin. Kennedy (1925) gave intravenous injections of 
an extract of cows' corpora lutea to female rabbits shortly before coitus and ob- 
served that the ovulation, which normally would have followed, did not occur. 
Papanicolaou (1926), with a similar extract, obtained the same result in the 



THE BIOLOGICAL ACTIONS OF PROGESTIN 409 

guinea-pig. Parkes Sc Bellerby (1928) prepared an extract from sows’ corpora 
lutea which inhibited oestrus in the mouse. In the course of this work they 
noted that in young corpora lutea with fluid contents oestrogen was present, 
whereas it was absent in demonstrable amount from the solid corpora lutea of a 
later stage. Hisaw, Meyer & Weichert (1928) and Gley (1928) reported that an 
extract similar to that used by Parkes & Bellerby prevented oestrus in the rat, as 
shown by vaginal smears. 

Selye, Browne & Collip (1936) gave daily subcutaneous injections of 4 mg. of 
progesterone to mature female rats for a period of 12 days. The consequences 
were a cessation of oestrus and atrophy of the ovaries, from which ripe follicles 
and corpora lutea were absent. The vagina was neither mucified nor comified. 
The mean weight of the pituitaries of these rats was increased and that of the 
ovaries diminished (Table 191). 

Table 191. The effect of progesterone on the ovary and pituitary of 
the rat (Selye, Browne & Collip, 1936) 

Average weight of Average weight of 


pituitaries ovaries 

Treatment (mg.) (mg*) 

None (controls) 10*5 39 

Daily doses of 4 mg. of progesterone 13*5 30 


Makepeace, Weinstein & Friedman (1936, 1937) found that the ovulation which 
normally follows copulation in the rabbit can be prevented by five previous daily 
injections of 2 mg. of progesterone; if LH be injected at the same time ovulation 
follows as usual. The experiment seems to prove that the inhibition of ovulation 
caused by progesterone in this instance is attributable to its action in checking the 
output of gonadotrophin from the pituitary. 

Phillips (1937) injected progesterone into rats weighing between 1 50 and 200 g. 
Daily doses of 1*5 mg. given each day inhibited oestrus; with smaller doses 
ranging from 0-25 to i mg. the oestrous cycle was prolonged though oestrus was 
not entirely prevented. In a rat which had been treated in this way and had 
remained anoestrous for 21 days the ovaries contained large corpora lutea and a 
few large graafian follicles ; the uterine horns were in a progestational condition 
and were i cm. in diameter, the normal diameter being about 3 mm. 

Dempsey (1937) gave 0*05 i.u. of progesterone daily for 20 days to female 
guinea-pigs, beginning on the loth day of the oestrous cycle. Oestrus was in- 
hibited and at the end of the period of injections corpora lutea were absent and 
large unruptured follicles were present. Oestrus and ovulation ensued within 
24 hours of cessation of the injections and were followed by the formation of 
corpora lutea. The experiment seems to show that while inhibiting oestrus pro- 
gesterone in relatively small quantities does not entirely and immediately prevent 
the growth of follicles. 

Into seven rats which had normal oestral cycles McKeown & Zuckerman 
(1937) injected i mg. of progesterone daily. The treatment was continued for 
periods of 9 to ii days, at the end of which period the rats were killed; with one 
exception the rats remained in dioestrus throughout and large corpora lutea were 
present in their ovaries. In another series of experiments McKeown & Zucker- 
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man (1938) destroyed with an electrocautery the corpora lutea in seven rats 
betw^een the 3rd and 7th days of pseudopregnancy, with the result that oestrus 
reappeared within 4 days, whereas the anoestrus in control pseudopregnant rats 
lasted for 12 to 15 days. They found also that oestrus occurred within 3 to 7 days 
after the destruction of corpora lutea in pregnant rats provided that the operation 
was done on the 6th or 7th day of pregnancy. In twelve rats the corpora lutea 
were destroyed between the nth and i6th days of pregnancy. Oestrus did not 
follow in these instances. 

It might be added that veterinary surgeons have long recognized a connection 
between sterility in cattle and the persistence of corpora lutea, and from the 
experiments just quoted it appears that the absence of conception in these cases 
is probably due to the influence of progestin in checking oestrus and ovulation. 

The inhibition of ovulation by progesterone does not appear to be a universal 
phenomenon in the animal world, for Zwarenstein (1937) found that in XenopuSy 
during the reproductive season, progesterone induced ovulation, a result which 
can be caused also in this oviparous amphibian by oestrogen or by placental or 
pituitary gonadotrophin. 

(6) The oestroiLs cycle. In view of what has been just said we can now consider 
the chemical mechanisms of the oestrous cycle and the part played by progestin 
in that phenomenon. The FRH of the anterior pituitary, which causes maturation 
of the ovarian follicles, is the initial factor; as the follicles ripen under its influence 
the ovary elaborates increasing quantities of oestrogen which produces in the 
generative and other organs those characteristic changes associated with oestrus. 
When follicular maturation is complete ovulation may or may not follow immedi- 
ately. In some animals, including the rabbit and ferret, an additional stimulus 
such as mating is required for ovulation, and these animals do not show a regular 
sequence of oestrous cycles apart from the recurrent annual breeding season. In 
other animals, among which are the mouse, rat, dog and man, ovulation usually 
occurs when follicles have matured, and the follicles thereon become converted 
into corpora lutea which may or may not be functionally active (p. 396). 

The act of ovulation appears to depend on a supply of LH, and the absence of 
spontaneous ovulation in the rabbit and ferret may be attributed to an insufficient 
supply of this gonadotrophin. The evidence in favour of such an explanation is 
twofold. First, ovulation can be caused in the adult oestral rabbit within 24 hours 
by giving an adequate dose of LH intravenously. Secondly, ovulation in women 
is accompanied by an increased excretion of gonadotrophin in the urine. 

Mating is not the only natural stimulus which will cause enough outpouring of 
luteinizing gonadotrophin from the pituitary for the induction of ovulation in the 
rabbit; the mere proximity of a male, and perhaps of a female, in an adjacent cage 
may be sufficient (p. 39). 

Ovulation is not necessarily followed by the development of functional corpora 
lutea. According to Allen (1940) functional corpora lutea do not form normally 
in the rat or mouse unless the animal is mated, from which it may be concluded 
that in these animals progestin is not an essential factor in the oestrous cycle. 
Further, Allen says that in the mouse and monkey oestrous cycles may occur 
without ovulation, and the same seems to be true occasionally of women. 



THE BIOLOGICAL ACTIONS OF PROGESTIN 411 

In its simplest form, therefore, as in the unmated rat or mouse, the oestrous 
cycle may be regarded as follows: Under the influence of FRH from the pituitary 
the ovaries produce enough oestrogen to cause oestrus. But oestrogen, while 
causing this condition, inhibits the further supply of FRH from the pituitary-, so, 
in turn, the formation of oestrogen by the ovary is curtailed and the phenomena 
of oestrus subside (p. 53), 

In many and perhaps in most animals which have regular, recurrent oestrous 
cycles a luteal phase intervenes. Towards the end of oestrus, just before ovulation, 
luteinization begins. As the corpora lutea develop they produce increasing 
amounts of progesterone which, like oestrogen, checks the supply of FRH and so 
prevents further maturation of follicles. After a while, the corpora lutea de- 
generate, their output of progesterone diminishes until the pituitary, relieved of 
its inhibitory action, once more supplies enough FRH to cause maturation of 
ovarian follicles, and a fresh cycle begins (p. 41). 

(r) Oestral bleeding and menstruation. In the course of the oestral cycle there 
are two periods at which bleeding from the uterus may occur, namely {a) at the 
end of the oestrogenic phase and (J) at the end of the luteal phase. 

Oestral bleeding is the result of a more or less abrupt decline in the supply of 
oestrogen following ovulation. The phenomenon is familiar in dogs, and is of rare 
but occasional occurrence in women. In ordinary circumstances a sudden reduc- 
tion in the supply of oestrogen, whether caused by removing the ovaries or by 
stopping a course of oestrogen injections in a spayed animal, is followed after a 
short interval by bleeding from the uterus. This form of uterine bleeding can be 
prevented by giving suitable doses of progesterone, and it seems that the occur- 
rence of oestral bleeding in some animals and not in others must depend on the 
relative rapidity of development of the corpus luteum and the consequent rise in 
the supply of progesterone. 

Menstrual bleedings which occurs only in primates, is the result of degeneration 
of the corpus luteum and the consequent fall in the supply of progestin. Stockard 
& Papanicolaou (1917), in the course of experiments on animals, observed that as 
long as active corpora lutea are present the endometrium remains intact. When 
the corpora lutea degenerate the endometrium also degenerates. Fraenkel (1903) 
mentions several instances in which, during laparotomy in women, a corpus 
luteum was destroyed with a Paquelin cautery; this was followed by uterine 
bleeding 4 days later. During a series of forty laparotomies on women Halban & 
Kohler (1914) excised the corpus luteum. In thirty-seven of these cases uterine 
bleeding ensued between 2 and 4 days later and lasted for periods of 3 to 8 days. 
Pratt (1927) in the course of thirty laparotomies in women removed the corpora 
lutea; in twenty-eight of these cases bleeding from the uterus ensued within 
48 hours. The same result followed in eleven instances in which both the corpus 
luteum and its ovary were removed. 

Smith & Engle (1932) gave progesterone daily for 28 days to a rhesus monkey. 
No menstrual bleeding took place during this period, but on the 6th day after the 
injections had ceased uterine bleeding occurred. They say that if rhesus monkeys 
are subjected to daily doses of 100 r.u. of oestrin, uterine bleeding will occur 
within 6 days of ceasing the injections. They also say that the uterine bleeding 
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which follows removal of the ovaries in these animals is prevented by daily doses 
of 37 rb.u. of progesterone. Corner (1935) found that 1 rb.u. of progesterone 
given daily prevented or delayed menstruation in the rhesus monkey, and that 
uterine bleeding occurred within 5 to 8 days of withholding the injections. 
Engle, Smith & Shelesnyak (1935) also have found that in monkeys the uterine 
bleeding which follows cessation of a course of oestrin injections maybe prevented 
by giving progesterone. In contrast with this they find that if progestational 
changes have been already produced in the uterus by administering oestrogen 
followed by progesterone the bleeding which results from stopping the supply 
of progesterone is not prevented by giving 200 m.u. of oestrogen daily. 

The sequence of histological changes in the uterus which culminate in men- 
struation can be brought about in spayed monkeys by giving them oestrogen and 
progesterone in succession. Hisaw, Meyer & Fevold (1930) spayed mature rhesus 
monkeys and a fortnight later treated them for 10 days with oestrogen, and for 
another 7 days with an extract of corpora lutea. The monkeys were then killed 
and their uteri were found to be in a premenstrual condition. 

An approximate estimate of the amount of progesterone formed in the body 
at any time may be made by ascertaining the quantity of pregnanediol in the 
urine, for there is little or no storage of the hormone. Venning & Browne 
(1937 <3, b) made periodical estimations of pregnanediol excretion in ten normal 
women throughout the menstrual cycle. Pregnanediol first appeared in the urine 
within 48 hours of ovulation, that is to say between the 13th and 20th days of the 
cycle, and disappeared between the 22nd and 29th days. Menstruation began 
between i and 3 days later. 

Menstruation is thus shown to depend on degeneration of a corpus luteum after 
a period during which it has been functionally active. When corpora lutea persist 
in an active state, as they do during pregnancy and lactation, menstruation will 
not occur and pregnanediol Will be excreted persistently in the urine. 

Hain & Robertson (1939^) estimated the pregnanediol excreted during two 
successive menstrual cycles in a married woman whose average cycle was 25 days. 
Between the loth and 24th days of the first cycle a total of 44 mg. of pregnanediol 
were excreted; during the same time in the next cycle 114 mg. were obtained. 
The largest quantity excreted in a single cycle in the investigations of Venning & 
Browne was 60 mg. Hain & Robertson thought that the relatively large output 
of pregnanediol during the second cycle in their patient indicated the persistence 
of a functional corpus luteum, that is to say pregnancy ; events proved this to 
be correct. It would appear possible therefore to diagnose pregnancy by preg- 
nanediol estimations at a very early stage. 

As mentioned earlier the occurrence of ovulation depends upon the output of 
pituitary LH, and this may sometimes be detected in the urine of women when 
ovulation takes place, but the amount is small and may pass unrecognized in some 
cases. Venning & Browne (19376) say that its excretion in recognizable quantity 
may be limited to part only of a single day, the amount being perhaps too small 
to be noticed in a 24-hour specimen of urine. 
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Accessory Reproductive Organs of the Adult Female 

A. The vagina: mucification of epithelium. In many animals pseudopregnancy 
and pregnancy are accompanied by characteristic changes in the vaginal epi- 
thelium. This is stratified, and the superficial cells instead of becoming squamous 
and cornified, as they do in oestrus and in response to doses of oestrogen, assume 
a rounded or cylindrical form and become filled with mucus-like material. The 
completed condition is the result of two distinct processes, namely stratification 
of the vaginal epithelium, and mucification of its superficial cells. The stratifica- 
tion depends on the action of oestrogen; the mucification in the superficial 
cells is due to progesterone (p. 304). In other words vaginal mucification as 
seen in pregnancy or pseudopregnancy is the result of a co-operation between 
oestrogen and progesterone, these hormones being available in suitable amounts. 
During lactation the supply of oestrogen is deficient and only the action of progestin 
becomes manifest, so that mucification is present while stratification is absent. 

It will be remembered that both the production of oestrogen by the. ovary and 
ovulation are inhibited indirectly by progesterone through its action on the 
pituitary (p. 57); the prevention by progesterone of vaginal keratinization and 
its replacement by mucification appears to be a direct action. Parkes & Bellerby 
(1927, 1928) and Gley (1928) not only verified that ovulation could be inhibited 
in the mouse and rat by extracts made from corpora lutea of cows and pigs, but 
they ascertained also that functionally active corpora lutea interfered with the 
cornifying action of oestrin on the vaginal epithelium. Between 2 and 5 times as 
much oestrin, they estimated, was required to cause vaginal comification in a 
mouse during lactation as in a non-lactating castrated mouse. Further, by giving 
single injections of oestrin they perceived a correlation between the amount of 
oestrin required to produce vaginal comification in the lactating mouse and the 
size of the litter, that is to say the number of corpora lutea present ; the larger 
the litter the larger was the dose of oestrin needed to cause comification of the 
vagina. In mice spayed during lactation smaller amounts (2 m.u.) of oestrin were 
enough to cause vaginal comification whatever the size of the litter. 

Courrier (19306) found that in the lactating guinea-pig oestrin in doses of 
100 r.u. failed to cause vaginal comification, and Levin, Katzman & Doisy (1931) 
noticed that large doses of oestrin or oestriol given to pregnant rats did not cause 
comification of the vagina. Selye, Harlow & McKeown (1935) say that 2 mg. of 
oestrone given daily fail to elicit vaginal comification in the rat if corpora lutea of 
pregnancy or lactation are present. 

Later work has proved that the inhibitory action of corpora lutea against the 
cornifying influence of oestrogen is attributable to progesterone. Before this con- 
clusion was established a hitch occurred in the sequence of experimental proof, 
for it was discovered that vaginal mucification could be induced in spayed adult 
mice and guinea-pigs, and in non-spayed immature guinea-pigs by giving doses 
of oestrin which were too small to produce comification (Robson, 1930; Courrier, 
I930<2; Robson & Wiesner, 1931; Meyer & Allen, I 933 )- Thus for a while it 
seemed that vaginal mucification might be attributed merely to the action of 
sub-threshold supplies of oestrogen. 
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It has since been learned that the ovary is not the only source of progesterone, and 
that progesterone is not the only hormone which will induce vaginal mucification ; 
androgens and adrenal steroids also have this capacity. In spite of gonadectomy, 
therefore, sufficient quantities of these hormones may be available to induce mucifi- 
cation, so long as there is not enough oestrogen present to inhibit this reaction. 

Desclin (1934) noted that daily intraperitoneal doses of between 2 and 10 r.u. 
of oestrone given to immature guinea-pigs weighing about 200 g. caused vaginal 
opening with cornification on the 5th day. If one-twentieth to three-twentieths 
of a rabbit unit of a luteal extract were given at the same time mucification occurred 
in the vagina instead of cornification. Allen & Meyer (1935), using progestin 
extracted from corpora lutea and freed from oestrogen, found that large amounts 
when given to spayed mice had no visible effect on the vaginal epithelium. If to 
these doses of progestin oestrin were added in an amount which, if given alone, 
would cause cornification of the vaginal epithelium, mucification was the result. 
One rb.u. of progestin, they estimated, could prevent the cornifying effect of 
10 r.u. of ^oestrin on the rat’s vagina. Selye, Browne & Collip (1936), also, in- 
vestigated the quantitative relationships required for the prevention by pro- 
gesterone of the cornifying effects of oestrone on the vagina of the spayed rat. 
Daily injections of progesterone and oestrone were gi^n for a period of 20 days. 
It was found that 4007 of progesterone prevented 307 of oestrone from causing 
cornification of the vaginal epithelium. The results of these doses were mucifica- 
tion in the vagina and progestational changes in the uterus. Korenchevsky & 
Hall (1937), also using spayed rats, found that daily doses of 307 of oestrone or 
oestradiol plus 4007 of progesterone caused only a slight and partial mucification 
of the vagina; full mucification followed daily doses of 17 of oestrone plus 15007 
of progesterone. 

Courrier & Cohen-Solal (1937), performing quantitative tests on spayed rats, 
showed that 8 mg. of progesterone would prevent cornification of the vagina in 
response to 0*02 mg. of oestradiol. Working with adult female golden hamsters 
[Cricetus auratus) which had been spayed 2 months previously Klein (1937) 
found that 57 of oestrone given simultaneously with 0*5 to i mg. of progesterone 
caused a mucification of the vaginal epithelium similar in degree to that which 
accompanies pregnancy. Further Klein (19386) showed that to produce this 
effect the simultaneous action of oestrone and progesterone were essential. In the 
doses used oestrone alone, progesterone alone, and progesterone following a pre- 
liminary dosage with oestrone, did not produce mucification. Freud (1937) 
brought about vaginal mucification in normal mice by giving, during periods of 
between 10 and 20 days, daily doses of from 100 to 500 r.u. of a gonadotrophic 
extract prepared from pregnancy urine. This extract is rich in LH and it seems 
probable that its mucifying effect on the vagina was caused indirectly through an 
enhanced secretion of progestin by the ovary. 

Freud (1937) also induced mucification of the vagina in spayed mice by the 
daily simultaneous injection of 100 to 500 i.u. of oestrone and i to 2 mg. of 
progesterone, or 2 mg. of pregnanediol. These doses were continued for periods 
of 10 to 20 days. His results have a special added interest, inasmuch as they seem 
to show^ that pregnanediol is not biologically inert. 
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Shorr (1940) studied the effects of oestrogen and progesterone on the vagina in 
women after the menopause by means of smears and biopsies. Oestrogen given 
by itself caused cornification of the vaginal epithelium. When this stage had been 
reached the same doses of oestrogen were continued and progesterone was added 
with the result that the cornified cells disappeared from the smears and were 
replaced by squamous cells with large nuclei, accompanied by mucus and 
leucocytes. 

MacDonald & Robson (1939) showed that the artificially produced oestrogenic 
compound triphenylethylene when combined in suitable proportions with pro- 
gesterone or androgen acted like the natural oestrogen in causing vaginal 
mucification. 

In considering the causes of vaginal mucification it is well to remember that 
the ovary is not the only source of progestin, which may be derived also from the 
placenta and the adrenal. In the later stages of pregnancy the placenta in some 
species may perhaps be more important than the ovary as the source of progestin. 
Klein (1935) has shown that if in the rat the gravid uterus be removed between 
the nth and i8th days of gestation, the ovaries being left intact, the mucified 
vaginal epithelium is rapidly replaced by one which is squamous and cornified. 

The fact that androgen and corticosterone, in co-operation with oestrogen, 
act like progestins in bringing about vaginal mucification has been mentioned 
elsewhere (pp. 214, 451). 

B. The uterus. The influence of progesterone on the uterine functions during 
the oestrous cycle and menstruation has been discussed in connection with its 
effect on the ovary (p. 408), and the only point that need concern us here, apart from 
its role in pregnancy, is the action of progesterone on the uterus in the absence of 
the ovary and of oestrogen. Although to produce its most striking effects on the 
uterus progesterone requires the co-operation of oestrogen, it seems to have some 
influence when the latter is absent. Hooker (1940) gave daily injections of 0*25 
or 0*5 mg. of progesterone to mice which had been spayed 3 weeks earlier. After 
a few days (3 to 6) the mice were killed. Examination showed that their uteri 
were hyperaemic and slightly enlarged, and mitosis was visible in all the uterine 
tunics. 

The Role of Progestin in Pregnancy 

(i) Progestational changes and nidation oj ova. The constant association be- 
tween the presence of corpora lutea and the uterine changes which accompany 
the earliest stages of pregnancy suggested that there might be a close connection 
between the two, and that the induction of progestational changes, enabling the 
subsequent nidation of ova, might be a special function of the corpus luteum, 

Fraenkel (1903) removed the ovaries of rabbits at periods varying from i to 
6 days after coitus and noted that nidation of ova in these circumstances did not 
occur. Further he discovered that excision of the corpora lutea, or their destruc- 
tion by the cautery without removing the ovaries, prevented pregnancy, whereas 
partial removal of the ovaries with retention of some corpora lutea was followed 
by the maintenance of pregnancy in about half of all the rabbits so treated. 

Ancel & Bouin (1909; Bouin & Ancel, 1909) carried out a series of experi- 
ments remarkable in the circumstances for the clarity of thought which guided 
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them and for the finality of the information obtained. They used the rabbit 
because this animal does not ovulate spontaneously and therefore in the absence 
of pregnancy or pseudopregnancy its ovary is free from corpora lutea. To avoid 
the complication of pregnancy with developing ova in the uterus, Ancel & Bouin 
studied the relationship between the corpora lutea and progestational changes 
in the uterus during pseudopregnancy following coitus with males whose vasa 
deferentia had been tied. They observed that during the 5 or 6 days following 
such coitus the corpora lutea increase rapidly in volume; though still showing 
glandular activity they then remain stationary in size for 7 or 8 days after which 
they cease to secrete and undergo involution. The progestational development 
in the uterus corresponds in time precisely with the period of activity of the 
corpora lutea; during the first 13 days of pseudopregnancy the uterus continues 
to increase in size and vascularity, the muscle is hypertrophied, the submucosa 
becomes much thickened, especially along the mesometrial border, and its 
vascular sinuses become enlarged; the mucosa undergoes great mitotic activity 
and becomes folded into the lumen of the uterus so as to produce the ‘dentelle’ 
formation which is a striking feature of uterine progestational changes in the 
rabbit. On or about the 13th day after coitus, when the corpora lutea cease 
secreting, the progestational activities in the uterus are arrested, involution be- 
gins, and the uterus gradually returns to its normal size and condition of repose. 
In further experiments, Bouin & Ancel (1909), having induced pseudopregnancy in 
rabbits, destroyed the corpora lutea with a fine thermocautery at various intervals 
of time after coitus. If the corpora lutea were destroyed within a few hours no 
progestational changes occurred in the uterus. If the cauterization were done 
some days after coitus, the progestational development in the uterus ceased at 
once and involution began. Coitus, they found, was not essential for the develop- 
ment of corpora lutea and pseudopregnancy; if the ripe ovarian follicles of a 
virgin rabbit were ruptured by a needle or fine scissors, corpora lutea developed 
and the uterine changes of pseudopregnancy followed. The exact correspondence 
between the condition of the corpora lutea and the progestational changes in the 
uterus leave no doubt that the latter are dependent on the former. 

According to Corner (1928) ovulation occurs in the rabbit about 10 hours 
after mating and the ova enter the uterus at the end of another 10 hours or 
thereabout; nidation occurs on the 8th day. He found that removal of both 
ovaries between 14 and 18 hours after mating prevented progestational responses 
in the uterus, though ova were seen in its lumen between 4I and yf days after 
coitus. Partial resection of the ovaries so as to retain at least one corpus luteum 
did not prevent nidation of ova and pregnancy. Removal of all the corpora lutea, 
the ovaries being retained, prevented progestational changes in the uterus and 
nidation of the ova so that pregnancy did not follow. 

A considerable advance of our knowledge in this field was made by the dis- 
covery that luteal extracts induct the uterine changes associated with the presence 
of the corpora lutea themselves. Hisaw, Meyer & Weichert (1928) found that a 
progestational condition could be induced in the non-pregnant rat’s uterus by 
subcutaneous injections of an extract of corpora lutea obtained from sows. 
Comer & Allen (1929) allowed adult rabbits to mate and 18 hours later removed 
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their ovaries and a portion of one uterine horn. Thereafter an extract prepared 
from sows corpora lutea was injected subcutaneously on each of the 5 ensuing 
days. The rabbits were killed on the day after the final dose and progestational 
changes in the uterus were observed in all. In another experiment Corner & 
Allen gave injections of luteal extract to immature rabbits of about 8 to 12 weeks 
old and ranging in weight from 600 to 1,500 g. In some the treatment with luteal 
extract was preceded by injections of oestrin and in every one of the latter cases 
complete progestational development took place in the uterus. 

Courrier (1935) showed that with the help of progesterone nidation can occur 
even though the ovaries have been removed. He spayed rabbits on the 6th day 
after coitus and gave them four doses of progesterone on the day of operation and 
the next day, and killed the animals on the 8th day. The fact of nidation was 
revealed by examination of the uterine horns. These observations on rabbits have 
been repeated and confirmed by Pincus & Werthessen (1938), who noted also that 
the action of progesterone in these circumstances could be prevented by oestrone. 

One of the conditions essential for the implantation of ova in the uterus appears 
to be a secretory condition of the endometrium, and this depends on pro- 
gesterone. Bloch (1939) studied the nidation of ova in mice. She says that trans- 
verse sections of a uterus with a blastocyst ready for implantation show that the 
endometrial epithelium in the immediate vicinity of the blastocyst is secreting and 
a dense mass of granules surrounds each nucleus. This intense secretory condition, 
she states, is seen only in uteri in the neighbourhood of blastocysts ready for im- 
plantation, and the secretion seems to migrate into the cells of the ovum. Adjacent 
to the actively secreting epithelium the cellular stroma of the uterus shows a 
syncytial cytoplasm with large round nuclei. Courrier (1935) has suggested that 
the occurrence or non-occurrence of nidation of ova following successful mating 
in rabbits might be used for the assay of progesterone. The method he suggests 
is to remove the ovaries from a rabbit on the 6th day after coitus, the presence of 
corpora lutea being verified. The material to be assayed for its content of pro- 
gesterone is injected in four doses on the 6th and 7th days after coitus and the 
uterus is examined on the 8th day, when the presence or absence of nidification 
can be readily determined without the aid of a microscope. 

The favouring influence of progesterone in preparing the uterus to receive and 
maintain the ova may perhaps be used to increase fertility. D’Amour, D’Amour 
& Gustavson (1933) gave daily doses of 50 mg. of luteal hormone to rats during 
the first few days after copulation. The treatment was followed, they say, by a 
much higher percentage of living embryos than is usual. 

Apparently the action of progesterone on the uterus is direct and does not need 
the mediation of the pituitary, though it may be that in the absence of the pituitary 
larger amounts of progesterone would be needed to produce a given effect. 
Rowlands & McPhail (1936), experimenting on cats, found that progestational 
effects could still be produced by progesterone after hypophysectomy and removal 
of the ovaries. Reynolds, Firor & Allen (1936) have reported that in five hypo- 
physectomized rabbits i rb.u, of progesterone failed to cause progestational 
proliferation in the uterus, whereas in one hypophysectomized rabbit 4 rb.u. of 
progesterone caused marked progestational changes. 
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The experiments just referred to establish the fact that corpora lutea by sup- 
plying progesterone are responsible for the progestational changes in the uterus 
which lead to nidation of the ova and pregnancy. They also seem to show that 
progesterone can induce these changes in the uterus only if the organ has been 
subjected previously to the influence of oestrogen. Evidence will be adduced later 
to prove that this successful co-operation between progesterone and oestrogen 
depends upon the relative quantities in which they are provided, and that an 
excess of oestrogen will prevent the normal action of progesterone on the uterus. 

Retarded nidation of ova. Although corpora lutea are essential for the nidation 
of ova they do not necessarily expedite the process; in the presence of corpora 
lutea a long interval may intervene between the formation of a blastocyst and its 
attachment to the uterus. Lataste (1891) noticed that in some animals gestation 
is prolonged if conception occurs during lactation, and yet the newborn are 
normal in weight. In such instances the duration of pregnancy varies with the 
number of young which are being suckled at the beginning of gestation. As there 
is no increase in the size of the newborn young in spite of the prolonged gestation, 
development must have been arrested or retarded at some stage, and Lataste, 
whose observations were made on five different rodents, found that the delay 
followed immediately after the entry of the ova into the uterus. He also dis- 
covered that delayed development of the ova could be caused by injuries received 
by the mother. By wounding the uterus on the 2nd, 3rd or 4th day after coitus 
gestation could be prolonged by as much as 10 days in some instances, and a still 
greater extension of the period of gestation was caused by repeated cautery of the 
mother’s thigh. 

Lataste’s observations have since been confirmed and extended (Daniel, 1910; 
King, 1913 ; Kirkham, 1916). Daniel, like Lataste, noticed that in mice the pro- 
longation of gestation by suckling depended to some extent on the number of the 
young which were being nursed. If more than three were being suckled gestation 
was prolonged approximately by about i day for each additional nursling. 
Kirkham (1916), who also made his observations on mice, found that ova fer- 
tilized during lactation developed normally up to the blastula stage, which was 
reached on the 6th day. At this stage, in mice which were suckling, development 
of the embryos was temporarily suspended; the blastulae underwent little if any 
visible change and they remained free in the uterus, nidation being delayed. 
Eventually nidation took place and embryological development was resumed in a 
normal manner. The prolongation of pregnancy corresponded with this delay 
during the blastula stage. 

Enzmann, Saphir & Pincus (1932; see also Enzmann, 1935), using mice, have 
obtained results like those just quoted. Normally the implantation of ova in the 
mouse occurs on the 6th day after mating. If the mother is suckling at the time, 
implantation, they say, may be postponed up to the i6th day after mating; 
meanwhile the blastocysts remain at rest and show little or no development 
beyond that attained on the 6th day in a normal pregnancy. 

In some animals the fertilized ova, as blastocysts, may remain at rest for long 
periods in normal circumstances. This phenomenon has been discussed by 
Hamlett (iQSS)- armadillo (Dasypus novemcinctus)^ he says, the average date 
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of ovulation is 15 July. A blastocyst forming a few days later will lie free in the 
uterus without further development until November, when nidation takes place 
and development is resumed. During the interval the corpus luteum is the most 
conspicuous feature of the ovary though it appears to be inactive. When implanta- 
tion occurs secretory droplets are seen in the luteal cells. Removal of the corpus 
luteum during the resting stage does not lead to the immediate destruction of the 
blastocyst, though it prevents its ultimate nidation. Hamlett mentions other 
animals in which a delayed implantation of the blastocyst is a normal occurrence. 
The roe deer {Capreolus capreolus\ he says, mates in August and implantation of 
the ovum does not occur until December. The European badger [Meks meks) 
mates in July or August and nidation of ova does not take place till January. 
Similar delays of development in the blastocyst stage normally occur in some 
other animals (martin, bear, weasel, shrew). 

In connection with delayed nidation of the blastocyst reference may be made 
to a phenomenon known to breeders, namely the bearing of a second litter in the 
absence of postparturitional mating. The occurrence appears to depend upon 
copulation during pregnancy, fertilization occurring at the postparturitional 
ovulation in cases where gestation has been confined to one uterine horn. Among 
inbred Wistar rats under the author’s observation the phenomenon occurred in 
2 per cent of 473 pregnancies (Burrows, 1941). The average interval between the 
successive litters was 24*4 days, the limits being 21 to 28. It is evident either that 
the survival of spermatozoa in an active state in the special circumstances exceeded 
the usual limits, or that there was a delayed nidation of the blastocysts, 
probably due to the presence of lactational corpora lutea. * 

(ii) The role of progestin in the formation and maintenance of the placenta. The 
nature of the stimuli which lead to placental formation was investigated by Loeb 
(1907). He discovered that if slight injuries were inflicted on the endometrium 
of guinea-pigs between the 4th and 6th days after coitus, nodules of decidual 
tissue appeared at the sites of injury. These nodules could be caused apart from 
the presence of an ovum in the uterus, as shown by the fact that the numbers 
produced corresponded with the number of injuries and not with the number of 
ova present. Between the 3rd and 4th weeks of gestation the artificially induced 
deciduomata underwent necrosis. Hammond (1917) performed the same kind of 
experiment on rabbits. He mated females with vasectomized males and on the 
7th day after coitus he injured the uterus by snips or slits and noted that placento- 
mata grew at the site of injury if corpora lutea were present; in the absence of 
corpora lutea no placentomata developed. Long & Evans (1922 <2, b) found 
that placentomata were not caused by uterine trauma at any stage of the short 
oestrous cycle in the rat; in this animal the corpora lutea which develop during 
normal oestrus do not become functional as they do in pregnancy, pseudo- 
pregnancy and lactation, or in animals which have more prolonged oestral cycles. 
It was shown by Corner & Warren (1919) that placentomata can be induced in the 
presence of the lactational corpora lutea which follow oestrus immediately after 
parturition in the rat, and Evans (1923) reported that they can be caused when 
corpora lutea of pseudopregnancy are present. 

Placenta formation may be induced in rats (Teel, 1926) apart from pregnancy, 
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pseudopregnancy or lactation, by giving repeated doses of a luteinizing pituitary 
extract. Under this treatment oestrus is delayed while the corpora lutea become 
enlarged, functional and persist beyond the natural period. The presence of an 
ovary is essential in this experiment, which proves that placentomata in the rat 
owe their existence to corpora lutea and not to a direct influence on the uterus of 
a pituitary hormone. Parkes (1929) found that placentomata could be caused in 
the mouse by passing a thread transversely through the uterus during pregnancy, 
pseudopregnancy or lactation ; they could be brought about also during dioestrum 
after subcutaneous injection of LH. Courrier (19306) showed that placentomata 
could be induced in the guinea-pig’s uterus in the presence of corpora lutea of 
lactation, and Brouha (1932) obtained similar results in the pseudopregnant 
rabbit. 

As with progestational changes, the formation of a placenta needs the co- 
operation of progesterone with oestrogen and the two hormones must be available 
in the correct relative proportions. If oestrogen is either deficient or in excess, 
decidual tissue will not develop under the influence of progesterone. 

Courrier & Kehl (1930), in a series of experiments, transfixed with thread the 
sterile horn of a unilaterally pregnant rabbit’s uterus at various stages of gesta- 
tion; if the operation were done on the 5th, 6th or 8th day after mating, a 
placentoma was induced, but no such result followed if the uterine trauma were 
inflicted on the 12th, 15th or 20th day. Apparently the presence of a placenta 
inhibits a decidual response to uterine trauma, and this fact might be explained 
by the formation in the placenta of oestrogen in large amount relatively to the 
available progesterone. Comparable observations have been made On rats by 
Selye & McKeown (1935), who limited pregnancy to a single uterine horn by 
ligating one of the oviducts, and then placed threads in the sterile horn or in the 
pregnant horn between the embryos. If this operation were done on the 5th day 
of gestation placentomata formed at the sites of trauma, but no decidual reaction 
followed if the uterus were injured between the 9th and 15th days. Selye & 
McKeown found also that placentomata could be induced in the rat’s uterus 
during lactation if the uterus were injured between the 4th and 13th days of 
lactation, but not if done during the first 3 days after parturition. In this instance 
the prevention of a decidual response may be attributed perhaps to an excess of 
oestrogen accompanying the postparturitional oestrus. 

Selye & McKeown (1935) state that, in the rat, blood sinuses form at the site 
of an artificially produced placentoma through liquefaction of decidual cells; 
from this observation it seems that the sinuses are not caused by foetal chorionic 
villi as some have thought, for in these experiments there were no embryos. 
The placental sinuses appear to be purely maternal structures induced by 
progesterone. 

Another histological change described by Selye & McKeown in the maternal 
placenta is a metaplasia in the arterial endothelium, the cells of which become 
cylindrical and project into the lumen of the vessel. This change also must be 
included, apparently, among the biological reactions induced by progesterone. 

(iii) The effect of progesterone on the glycogen content of the endometrium. 
Among the changes caused by progesterone in the endometrial epithelium is an 
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accumulation of glycogen. Lend rum & Hisaw (1936) observed that in monkeys 
under treatment with oestrone glycogen is absent from the endometrial cells 
except perhaps in mere traces. On giving progesterone, they say, one of the 
earliest manifestations in the uterine epithelium is a migration of the nuclei 
toward the lumina, leaving a clear zone between them and the basement mem- 
brane. In this zone glycogen is concentrated. If the treatment with progesterone 
is continued the glycogen masses become transferred to the luminal ends of the 
cells and the nuclei return to their former position near the basement membrane. 

Hisaw & Greep (1938) found that oestradiol and progesterone when given 
together caused an accumulation of glycogen in the uterine glands of the spayed 
monkey. With larger doses of oestrogen the accumulation of glycogen increased, 
but the glycogen was not released into the lumina of the glands. A function of 
progesterone on the endometrium appeared to be the accumulation and the 
release of glycogen, the amount of which in the endometrial cells was greatest 
•during the secretory phase. Zondek Sc Stein (1940) estimated the glycogen con- 
tent of the human uterine mucosa at different stages of the oestral cycle and found 
that the concentration of glycogen was o-i per cent of fresh tissue in the follicular 
phase and between 0*25 and o*66 per cent in the luteal phase. They state further 
that uterine glycogen was deficient in 18*4 per cent of the cases of sterility in 
women which they investigated. 

Apropos of these observations attention may be given to some experiments by 
Brunelli (1935), in which he found that, whereas oestrin causes a mobilization of 
hepatic glycogen with a consequent hyperglycaemia, progestin favours the 
accumulation of glycogen in the liver with hypoglycaemia. 

(iv) The influence of progesterone on the maintenance and duration of gestation, 
{a) Maintenance of pregnancy, Parkes (1928 a) showed that corpora lutea are 
essential for the maintenance of pregnancy to its normal term in mice. In tw^enty- 
five mice when 3 weeks old the right ovary was sterilized by exposure to X-rays. 
The mice were allowed to become pregnant and between the iith and 17th days 
of pregnancy the healthy left ovary was removed from seventeen of the mice, and 
in the other eight mice only the right sterilized ovary was removed. Depriving 
the mice of the normal ovary alone led to the termination of pregnancy; removal 
of the sterilized ovary alone did not affect gestation. Pencharz & Long (1932) 
performed similar experiments on rats with like result. Johnson & Challans 
(1930) found that if rats were spayed between the 6th and 21st days of gestation 
abortion followed within 48 hours; this result, they showed, could be prevented 
by giving daily injections of an extract of corpora lutea. Harris &: Pfiffner (1929) 
had already performed a similar experiment with the same consequences. 

Courrier Sc Kehl (1938 a, b) found that daily doses of 2-5 to 3 mg. of pro- 
gesterone prevented abortion in rabbits which were spayed between the 6th and 
14th days of pregnancy. With daily doses of 075 or i mg. of progesterone given 
in similar conditions gestation was partially maintained, i.e. some of the embryos 
survived and some died. Courrier & Jost (1939) showed that the influence of 
progesterone in sustaining pregnancy in the rabbit alter removal of the ovaries 
could be annulled by oestrone if given in a proportion of i of oestrone to 325 of 
progesterone by weight. 
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(J) Duration of gestation. Progesterone not only has an influence in the 
maintenance of pregnancy, but plays an important part also in the onset of 
parturition. By a continued supply of progesterone labour may be postponed 
beyond its normal date. Teel (1926) noted that the daily administration of an 
alkaline extract of bovine anterior pituitary caused in rats a prolongation of 
gestation for 2 to 6 days beyond the normal period, the foetuses on delivery being 
above the normal in size. In these circumstances the ovaries were enlarged, 
weighing 126 mg. as compared with 75 mg. in the untreated rat at term, and con- 
sisted almost entirely of corpora lutea. Evans & Simpson (1929^) also observed 
that daily implantations of fresh pituitary substance or injections of a pituitary 
extract toward the end of pregnancy in rats led to the persistence of corpora lutea 
and the prolongation of gestation. Nelson, Pfiffner & Haterius (1930) gave ex- 
tracts of sows* corpora lutea to pregnant rats, beginning the injections on the 
16th, 17th or 1 8th day of pregnancy. By this treatment gestation could be main- 
tained for as much as 150 hours beyond its normal period, which for the rat is 21 
or 22 days. If parturition were delayed in this way for more than 70 hours still- 
births occurred, but with less delay the young were viable. 

Katzman, Levin & Doisy (1931) and Levin, Katzman & Doisy (1931) reported 
that oestrin-free chorionic gonadotrophin when given to pregnant rats during the 
second half of gestation caused parturition to be deferred. The foetuses. usually 
died in utero and were often larger than normal. The result was attributed to the 
maintenance of luteal activity under the influence of chorionic gonadotrophin. 
The ovaries were larger and showed more iuteinization than those of normal 
pregnant rats. The same extracts given to pregnant rats after removal of the 
ovaries did not cause gestation to be prolonged. 

The conclusion that continued activity of the corpora lutea is the cause of 
postponed labour in the experiments just quoted has been questioned by Ham 
(1932). She confirmed that gestation in the rat can be prolonged by the ad- 
ministration of pituitary substance or gonadotrophic extracts, but it seemed 
difficult to attribute the result entirely to persistent luteal activity, because in 
three of her rats in which pregnancy had been prolonged by the daily adminis- 
tration of gonadotrophin the ovaries consisted of a mass of very large follicles 
and contained no corpora lutea; moreover, parturition was delayed for several 
days by injections of chorionic gonadotrophin even in rats which had been 
spayed. 

Whatever part the ovaries may play in determining the date of parturition it 
appears that the placenta also has an influence on this. Newton (1935) killed all 
the foetuses in pregnant mice between the 12th and 15th days of gestation by 
squeezing them in situ under anaesthesia. This operation left the placentae 
intact, and they were delivered at the normal term, oestrus following within the 
next 2 days. If all the foetuses and their placentae were removed between the 
1 2th and 15th days of gestation oestrus ensued between 3 and 4 days afterwards. 
Kirsch (193^) n^^de comparable observations on pregnant rats. Between the 
14th and 2 1 St days of gestation the embtyos were removed from the uterus, the 
placentae being left undisturbed. Regardless of the date at which the operation 
was performed, the placentae remained until full term had been reached and were 
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then delivered. If the placentae and embryos were both removed and replaced by 
paraffin pellets of the same size and shape these were delivered between 40 and 
48 hours later. But if placentae only were left in one pregnant horn, and paraffin 
pellets placed in the other horn from which the embryos and placentae had been 
removed, gestation continued until full term, when the placentae and pellets were 
delivered. 

Snyder (1938) says that if ovulation is induced in a rabbit on the 25th day of 
gestation by an intravenous dose of chorionic gonadotrophin, parturition fails to 
occur at the normal time (32 days) because a new set of corpora lutea will have 
formed. In this event labour will be postponed till the 40th day, the increased 
length of gestation corresponding with the active life of the new corpora lutea 
(12-14 days). The newly formed corpora lutea in this experiment can be shown 
to be functional by microscopical and biological tests. 

The experiments on gestation just described can be explained on the grounds 
that (i) progesterone inhibits labour and (2) that it is formed, in some animals, 
by the placenta as well as by the corpora lutea. The delay of parturition by pro- 
gesterone has been demonstrated by several independent workers. Portman 
(1934) gave daily injections of 2 or 3 rb.u. of progesterone to rabbits towards the 
end of gestation, with the result that parturition was delayed for 2 or 3 days 
beyond its normal time, the young being bom alive. With daily doses of 4 rb.u., 
gestation was prolonged for as much as 9 da3rs and the young were still-bom. 
A similar experiment was carried out by Heckel & Allen (1937), who gave daily 
doses of progesterone to pregnant rabbits, beginning on the 20th, 25th or 28th 
/day of gestation. Daily doses of 1*5 mg. or more caused a delay of parturition, 
and in nearly every instance in which delivery occurred later than the 34th day of 
gestation the young were larger and had a more advanced development of hair 
than young rabbits born at the end of a normal gestation period of 32 days. The 
ovaries of the mother in these examples of delayed parturition showed atrophic 
corpora lutea, which therefore could not have been the cause of the postponement 
of labour. 

Cope (19406) has recorded a case in which the corpus luteum together with an 
ovarian cyst was removed from a woman on the 67th day of pregnancy. The 
operation was followed by abortion and by a rapid fall in the excretion of preg- 
nanediol, the urinary output of which was 7-2 mg. on the 2nd day, 4 mg. on the 
3rd day, and 1-2 mg. and i mg. on the 5th and 6th days. 

When considering these results two possible factors in the termination of 
gestation have to be remembered, namely (i) the dependence of the placenta on a 
sufficient supply of progesterone without which it will degenerate and (2) the 
effect of progesterone in preventing the action of oxytocin and pitressin on the 
uterine muscle, which will be discussed presently. Whether the hour of labour 
depends primarily on the placental or the muscular factor may be uncertain, but 
there seems little doubt that parturition is preceded by a fall in the supply of 
progesterone relative to that of oestrogen, though other factors may share in 
starting the process. 

(v) The effect oj progesterone on the motility of the uterus. In 1906 Cushny and 
Dale independently reported that during pregnancy the uterus of the cat does not 
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respond to adrenalin or to stimulation of the hypogastric nerves like the uterus of 
a non-pregnant cat. In the latter adrenalin or hypogastric stimulation inhibits the 
tone and the rhythmical contractions which characterize the normal unim- 
pregnated uterus. During pregnancy adrenalin or hypogastric stimulation causes 
the uterus to contract. These striking observations acquired additional interest 
when Knaus (1926) demonstrated that the response of the uterus to pituitrin is 
inverted during the earlier stages of pregnancy. While testing the effects of the 
posterior lobe of the pituitary on pregnant rabbits, Knaus found that the uterine 
responses varied greatly at different stages of gestation. At full term (32 days) 
0*075 moist posterior lobe tissue caused the birth of the whole litter within 

10 minutes. On the 29th day o*6 mg. was required to produce the same effect. 
Between the 28th and 29th days a sudden change occurred in the responsiveness 
of the uterus to pituitrin, so that before the 28th day of gestation no amount of 
posterior pituitary lobe induced parturition on the same day as the injection, 
though a dose of 1*3 mg. caused foetal death accompanied by bleeding in the 
placenta. The earlier the stage of gestation the larger was the dose of posterior 
pituitary substance required to induce parturition; from the ist to the 17th day 
15 mg. per kilo of the rabbit’s bodyweight failed to terminate pregnancy. From 
these experiments it appears that the uterus of the pregnant rabbit becomes in- 
creasingly responsive to the secretions of the posterior lobe of the pituitary after 
the 17th day of gestation, attaining a maximum sensitivity at the time of parturi- 
tion. Knaus (1929, 1930 a, b) further showed that when a non-pregnant rabbit 
had been given subcutaneous or intramuscular injections of extracts prepared 
from the corpora lutea of pigs and cows, the uterus failed to contract in response 
to posterior pituitary extracts. He suggested that this phenomenon might be used 
as a criterion for the standardization of luteal extracts. Following Knaus, 
Robson & Illingworth (1931) made extensive tests of an extract prepared from 
the corpora lutea of cows on the reactions of the rabbit’s uterus. To adult 
spayed rabbits they gave six injections of the extract at intervals of 12 hours and 
the animals were killed 12 hours after the last injection. One uterine horn of each 
rabbit so treated was examined microscopically and the other was placed in 
Ringer’s solution and its reactions to the pressor hormones of the posterior lobe 
of the pituitary were examined. Even though the progestational changes were small 
as seen with the microscope, the reactions of the uterus to both oxytocic and 
pressor fractions of the pituitary were found to be suppressed. Doses of oestrone 
up to 3,000 m.u. did not affect these results, although oestrone by itself increases 
the reactivity of the uterus to oxytocin (Robson, 1933 <2). Robson & Illingworth 
(1932) found also that contraction of the uterus in response to pituitrin could be 
prevented by an extract of placenta. 

Reynolds & Allen (1932) observed the movements of the rabbit’s uterus by 
means of a uterine fistula. In an adult rabbit ready for mating the uterus showed 
continued rhythmical contractions. Shortly after sterile copulation these move- 
ments ceased. They could also be arrested in most instances by daily subcutaneous 
injections of an extract of sows’ corpora lutea, each injection representing 0-2 of 
a rb.u. of progestin. Uterine motility reappeared from 2 to 5 days after the dosage 
had been stopped. During the first 5 days after mating 200 r.u. of oestrone. given 
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daily by intravenous injection failed to restore the uterine movements. Klein & 
Klein (i 933 )j having investigated the influence of the corpora lutea on uterine 
motility, state that during pregnancy, pseudopregnancy, or treatment with a 
luteal extract, the uterine muscle of the rabbit is insensitive to pituitrin, in spite 
of the fact that the spontaneous contractions and relaxations of the uterus con- 
tinue. On the 1 2th day of pseudopregnancy, the uterus being refractory to 
pituitrin, the corpora lutea were destroyed by thermocautery. Three days later 
the uterus was no longer irresponsive to pituitrin. Klein & Klein made the further 
observation that the irresponsiveness of the uterus to pituitrin can be prolonged 
beyond the period normal to pseudopregnancy by injecting extracts of corpora 
lutea. 

Robson (1935 <2) showed that progesterone — in contrast with oestrone, which 
has the opposite effect — inhibits the response of the uterine muscle to oxytocin 
in the rabbit whether spayed or deprived of its pituitary. Some doubt has arisen 
(Robson, 1936^) whether these results occur in every species alike. However this 
may be, the effects of progesterone in man appear to be the same as those ob- 
served in the rabbit. Falls, Lackner & Krohn (1935, 1936) tested the action of 
progesterone on the motility of the human uterus by inserting a bag into the 
cavity of the organ and connecting it by tubing with a recording tambour and 
drum. They found that as small a dose as i rb.u. of progestin prevented the 
ox3rtocic action of i c.c. of pituitrin given intramuscularly. This inhibitory 
action occurred whether the progesterone was given before or after the pituitrin. 
The effect was apparent in a few minutes and lasted for some hours. 

Kurzrok, Wiesbader, Mulinos & Watson (1937), by a method similar to that 
of Falls, Lackner & Krohn, examined the uterine movements in fifty women. 
They observed that spontaneous contractions and relaxations of the uterus con- 
tinue throughout the menstrual cycle, and that at every stage of the cycle an 
injection of pituitrin causes uterine contraction. In other words they could detect 
no inhibition of the uterine response to pituitrin attributable to the presence of 
corpora lutea during the menstrual cycle. Wilson Sc Kurzrok (1938) by the same 
methods could detect a difference in the activity of the uterine muscle in women 
at different stages of the oestrous cycle ; the follicular phase, they say, is charac- 
terized by a high tonus with small, rapid contractions, whereas the luteal phase 
is accompanied by a low tonus with large, slow contractions. 

The reversed action of hypogastric stimulation on the cat’s uterus during 
pregnancy, as reported by Dale & Cushny, can be brought about in the non- 
pregnant cat by progesterone (Kennard, 1937). Cats were spayed and some days 
later were given an intraperitoneal injection of progesterone; at varying intervals 
afterward the abdomen was opened and the effects of stimulating the hypogastric 
nerves recorded. In this way Kennard found that doses of progesterone varying 
from 0*4 to i mg. brought about contraction instead of relaxation of the uterus 
in response to hypogastric stimulation. This reversal of response ensued between 
3 and 6 hours after the injection of progesterone. 

(vi) The adaptation of the uterus to accommodate the growing embryo. The 
presence of a living embryo is not the only cause of uterine hypertrophy during 
pregnancy. In cases of extrauterine gestation the uterus enlarges, though not to 
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the same extent as in a normal pregnancy; and inert pellets inserted into the 
cavity of a non-pregnant animaFs uterus will induce a local hypertrophy of the 
organ. We have therefore to consider two factors in the enlargement of the uterus 
during pregnancy, namely (i) a mechanical stimulus and (2) a hormonal agent. 
These two factors appear to act in co-operation. 

Reynolds (1937) introduced cylindrical paraffin pellets into the uterus of spayed 
rabbits; the result was a uterine hypertrophy which reached its maximum in 
4 days. The amount of hypertrophy induced depended on the size of the pellets. 
If these were too large or too small hypertrophy of the uterus did not occur or was 
of small amount; the greatest response was obtained when the diameters of the 
pellets were between one-half and twice that of the uterus. If the rabbit carrying 
one of these intrauterine pellets were given oestrone, the uterine hypertrophy was 
hindered, whereas progesterone encouraged the hypertrophy and enabled the 
uterus to enlarge in response to pellets which would have been too large if 
progesterone had not been given. Reynolds suggests that during pregnancy 
progesterone acts in this way because it reduces the tone of the uterine muscle, 
and so enables the uterus to become accommodated to the growing foetus. 
Reynolds & Allen (i 937), as a result of this sort of experiment, learned that to cause 
enlargement of the uterus more distension was needed if progesterone were given 
than if it were withheld, and if oestrone were given the distension required was less. 

Co-operation and Antagonism between Progesterone and 
other Gonadal Hormones 

References have been made on other pages to the co-operative and antagonistic 
effects of oestrogen and progesterone when acting simultaneously, and to the way 
in which these effects are determined by the relative proportions in which the 
hormones are available and the sequence of time during which they are in action 
(pp. 1 17, 413). It may be useful here to amplify the subject so far as concerns 
the uterus. 

(i) Co-operation between progestin and oestrogen in the production of pro- 
gestational changes and placentomata in the uterus, Hisaw (1929) reported that 
progestational changes in the uterus could be brought about by an extract of 
sow’s corpora lutea in spayed rats and guinea-pigs, a result which may be ex- 
plained to-day by the fact that corpora lutea in their earlier stages supply oestro- 
gen in addition to progesterone. Later Hisaw & Leonard (1930) showed that, in 
order to evoke progestational changes by an oestrin-free luteal extract the uterus 
must first be sensitized with oestrin. They spayed rabbits within a few hours of 
copulation, and during the next few days gave them injections of oestrin-free 
luteal extract, or oestrin, or both of these hormones together or in succession. 
They found that the luteal extract induced progestational changes in the uterus 
only if oestrin had been administered previously. They gave 20 r.u. of oestrin 
twice daily for 5 days, and then, discontinuing the oestrin, they gave injections 
of luteal extract 4 times daily for 4^ days. After this treatment the uterus showed 
a progestational response. Clauberg (1930), using immature rabbits weighing 
about 600 g., also found that progestational changes could be induced by a luteal 
extract only if this were given after a preliminary treatment with oestrogen. 
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The naturally formed oestrogens are not the only substances which are capable 
of sensitizing the uterus to the action of progesterone; De Fremery Sc Geerling 
(^939) that a similar sensitization could be caused by diethylstilboestroL 

To immature rabbits during a period of 8 days they gave daily doses of the 
oestrogen to be tested, and for the next 5 days two doses, each of 0*3 mg. of 
progesterone, were given daily. In every instance full progestational effects were 
produced (Table 192). 

Table 192. Sensitization of rabbit’s uterus to the action of progesterone 
by oestrogen (De Fremery & Geerling, 1939) 

Daily dose of Daily dose of 

u ' ^ oestrogen progesterone Full progesta- 

during 8 days during 5 days tional changes 

rabbits Oestrogen (y) (mg.) in uterus in all 

5 Diethylstilboestrol 15 o-6 + 

2 Oestrone 15 o*6 + 

3 Oestrone 15 0*6 + 

Experiments have been recorded which seem to show that the co-operation of 
oestrogen may not be essential for the progestational effects induced in the uterus 
by progesterone if large enough doses of the latter be given. Selye (1940a) spayed 
rats and 9 days later began to give them 15 mg. of progesterone daily; at the end 
of a further 10 days these large doses had caused progestational changes in the 
uterus. The same doses permitted the development of deciduomata in response to 
uterine trauma. Howard & Gengradom (1940) gave 1*5 mg. of progesterone 
intraperitoneally to spayed mice every day for a fortnight, at the end of which 
time the diameter of the uterus had trebled or quadrupled and advanced pro- 
gestational changes were present. In these experiments, it will be noted, the doses 
of progesterone were very large and the results would hardly condemn the belief, 
which appears well established by previous work, that in natural circumstances 
the co-operation of oestrogen is required for the production of progestational 
changes in the uterus by progesterone. 

(ii) Antagonism between oestrogen and progesterone, {a) Inhibition of the action 
of oestrogen by progesterone. Macht & Stickels (1931) found that in mature non- 
pregnant mice the ratio of the weight of the uterus to that of the whole body was 
not more than i : 400. After daily injections of i to 2 m.u. of oestrin given for a 
period of 10 days this ratio was increased to i : 282. In another group of mice 
which had received the same doses of oestrin together with an extract of corpora 
lutea the ratio was i 1465. In this experiment the enlargement of the uterus 
which normally follows the administration of oestrone had been prevented by 
simultaneous doses of an extract of corpora lutea. 

Hisaw & Lendrum (1936) tested the antagonistic actions betw^een progesterone 
and oestrin in immature or young adult spayed monkeys. Oestrin given daily to 
these animals caused a squamous metaplasia in the glands of the uterine cervix. 
This reaction could be quite inhibited by progesterone (‘corporin’). At the end 
of 59 days, during which the monkeys had received 100 r.u. of oestrin and 4 rb.u. 
of progesterone daily, there was no squamous epithelium to be found in the 
uterus. For this result i rb.u. of progesterone per diem was enough. 
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Dessau (1937) found that the earlier hyperplastic effects of oestrogen on the 
uterus could be prevented by progesterone when given in sufficient doses. His 
observations have been corroborated by Korenchevsky and Hall (19386, 1940). 
They spayed 26 rats soon after weaning and to some of them gave daily injections 
of oestrogen alone and to others oestrogen and progesterone, during a period of 
21-27 days. The daily doses given were of oestrone or oestradiol 307, and of 
progesterone 4007. In the rats which received progesterone hyperplasia of the 
uterus in response to the oestrogen did not occur. 

There is an indirect way by which progesterone can interfere with the action 
of oestrogen. Herlant (1939) and Burrows (1940) have shown that progesterone 
may inhibit the output of FRH from the pituitary and by this means check the 
formation of oestrogen by the ovary. 

Furthermore, it has been suggested that progesterone may perhaps accelerate 
the excretion of oestrogen by the kidney. Smith and Smith (1931) noticed that 
when a dose of 600 or 700 r.u. of oestrin were injected into normal, non-pregnant 
rabbits the amount of oestrogen subsequently detected in the urine was much less 
than when a similar dose had been accompanied by progesterone. They also 
observed that the injection of LH into a normal female rabbit increased the 
urinary excretion of oestrogen tenfold, and a comparable increase followed injec- 
tions of progesterone. LH had no such effect on spayed rabbits. Frank, Gold- 
berger and Spielman (1932) were unable to confirm these observations. 

In a later report Smith and Smith (1938) say that progesterone to some extent 
protects oestrogen from inactivation, so that it is available in increased amount 
for utilization in the body and for excretion in the urine. 

Pincus and Zahl (1937) reported the results of some experiments which have 
a bearing on this problem. They determined the amounts of oestrone and oestriol 
respectively in the urine of rabbits under various conditions. Rabbits which were 
pregnant or pseudopregnant, and therefore had active corpora lutea, excreted 
with the urine between three and four times as much oestriol as that excreted by 
female rabbits without active corpora lutea. A similar increase of oestriol in the 
urine followed the injection of progesterone. Hysterectomy prevented this en- 
hanced output of oestriol and Pincus and Zahl concluded that the uterus under 
the influence of progesterone converts oestrone into oestriol, which has less 
oestrogenic potency and is more easily excreted than oestrone. 

(6) Inhibition of the action of progesterone by oestrogen: the placentoma reaction, 
Loeb (1907) demonstrated that a slight injury inflicted on the guinea-pig’s uterus 
at a time when functional corpora lutea are present will result in the development 
of a deciduoma (placentoma) at the site of injury. Courrier (19306) noticed that in 
the guinea-pig’s ovary, a few hours after parturition follicles rupture and corpora 
lutea of lactation are formed. These corpora lutea are capable of bringing about the 
decidual reaction of Loeb in response to uterine trauma. If, however, oestrin be 
given in sufficiently large doses this decidual formation is entirely prevented. 

Brouha (1932) caused sterile mating in rabbits and on the 5th, 6th or 7th day 
passed a thread through the uterus, In normal rabbits this procedure always 
caused a decidual growth in the uterus, but this reaction was prevented by daily 
doses of 100 r.u. of oestrin. 
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Votquenne (1934) also observed that oestrin prevented the formation of 
placentomata. To be sure of the presence of active corpora lutea, he used lactating 
rats and ascertained that in them uterine injuries were constantly followed by the 
formation of placentomata. If, however, oestrin were given in doses ranging from 
2 to 18 r.u. on each of the 5 days following the operation, the decidual action 
might be entirely prevented. With daily doses of half a rat unit a partial inhibition 
of the decidual reaction occurred. No such effect followed daily doses of less than 
0*4 r.u. of oestrin. 

Progestational changes in the uterus and the nidation of ova. In normal condi- 
tions the changes in the uterus which are necessary for the nidation and welfare 
of the ova require a preliminary submission of the uterus to the action of oestrogen 
followed by that of progesterone. Hisaw & Leonard (1930; see also Leonard, 
Hisaw and Fevold, 1932), using spayed rabbits, noted that if too much oestrogen 
be given progestational changes in the uterus will be prevented. 

Courrier (19305) had previously reported that injections of oestrone given 
24 hours after coitus entirely prevented the appearance of progestational changes 
in the rabbit’s uterus. Courrier (1933), Courrier & Kehl (1933 12, b) and Courrier 
& Raynaud (1934^, b) showed that in the rabbit progestational changes in the 
uterus and nidation of ova could both be prevented by suitable doses of oestrone 
given on each of the 6 days following coitus (Table 193). 

Table 193. The effects of oestrone on the uterus and nidation of ova in 
rabbits (Courrier & Raynaud, 1934a) 

Dose of oestrone Progestational changes 

(i.u.) in the uterus Nidation of ova 

180 + + 

400 + 

1,200 — 

Courrier (1936) made a quantitative estimation of the amount of an oestrogen 
required to inhibit the effects of progesterone on the uterus. Rabbits were mated 
and spayed on the next day. Doses of 1*5 mg. of progesterone together with 
varying amounts of oestradiol were given twice a day for 5 days and the rabbits 
were killed on the 6th day. The results (Table 194) demonstrate the absence of 
inhibition with smaller doses of oestradiol and its presence with larger doses. 

Table 194. The inhibition by oestradiol of the action of progesterone on 
the spayed rabbit’s uterus (Courrier, 1936) 


Doses of progesterone 

Doses of oestradiol 

Progestational changes 

(mg.) 

(mg.) 

in uterus 

i ‘5 

o-o8 

— 

i '5 

0-04 

— 

1-5 

0-03 


1*5 

0*02 

— 

1-5 

o-oi 

+ 

1-5 

0*005 

+ + 

I 

0*0035 

+ 


A curious species-difference in the reactivity of the uterus to sensitizing doses 
of oestrone has been described by Rowlands & McPhail (193^)? who estimated by 
experiment that 70 times the amount of oestrone is required to sensitize the cat s 
uterus to progesterone as will be effective for this purpose in the rabbit. 
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The antagonism between oestrogen and progesterone as shown by the preven- 
tion of progestational changes in the uterus is well exemplified by some experi- 
ments by Robson (1937(3). He spayed rabbits and 12 or 13 days later gave them 
o-oi mg. of oestfone daily for a week, at the end of which period some of the 
rabbits were given progesterone alone and others were given oestrone in addition 
to progesterone. In the former progestational changes developed, in the latter they 
did not. Doses of 0-75 mg. of progesterone were nullified by o-oi mg. of oestrone, 
and doses of 1*5 mg. of progesterone were nullified by 0*04 mg. of oestrone. 

W. M. Allen (1937) states that a large dose of oestrin given to a rabbit during 
the first 5 days after ovulation, or to a spayed rabbit which has received injections 
of oestrin and progestin, will quite prevent the occurrence of progestational 
changes in the uterus. If given after the 6th day, that is to say when the uterus 
has already attained a progestational state, single large doses of oestrin will cause 
extensive degeneration of the endometrium. The action of 3 rb.u. of progestin 
on the rabbit’s uterus will be suppressed, Allen says, by 675 r.u. of oestrin. 

The Role of Progesterone in Mammary Development 

{a) The nipple. Folley & Bottomley (1941; see also Folley, Scott Watson & 
Bottomley, 1941) observed that in the kid the teats grow isometrically with the 
body for a while and then grow more rapidly in relation to the body, perhaps 
because of gonadal activity. During the breeding season, however, the teats cease 
to grow. This inhibition was thought perhaps to be an effect of progestin. Experi- 
ment showed that the growth of teats in a male could be inhibited by pregnenino- 
lone, and that the stimulating effect of oestrogen on growth of the teats could be 
prevented by progesterone. 

(6) The effect of corpora lutea on the formation of alveoli in the breast. It is now 
recognized that the main initial factor in mammary development is a sufficient 
though not excessive supply of oestrogen. The constant association of corpora 
lutea with full development and secretory activity, of the breast suggests that 
progesterone also may play a part in these phenomena, Ancel & Bouin (1909; 
see also Bouin & Ancel, 1909) performed experiments on rabbits which seemed 
to prove that corpora lutea are essential both for the development of the mamma 
and for lactation in this animal. They found that the virgin rabbit’s mammae are 
between 2 and 2-5 cm. in diameter. To study the relationship between the forma- 
tion and activity of corpora lutea and mammary development they induced 
pseudopregnancy in rabbits by mating them with vasectomized males. In this 
way they avoided having to consider any possible effect of foetus and placenta. 
Periodical examinations of the mammae and ovaries of these animals showed a 
rapid growth of mammary ducts and acini following the formation of corpora 
lutea. This mammary development continued until the 14th day, that is while the 
corpora lutea remained active. With cessation of luteal activity, growth and 
secretion in the mammae came to an end. As the time elements corresponded so 
closely, and as the corpora lutea were the only new factor in the organism, Ancel 
& Bouin concluded that mammary growth and secretory activity in the rabbit 
depend on the corpora lutea. Pursuing the matter they destroyed the corpora 
lutea by thermocautery in pseudopregnant rabbits at various intervals after 
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mating. If this destruction was done a few hours after the appearance of corpora 
lutea no mammary development occurred; if done some days later all further 
growth in the mammae was immediately arrested. It was demonstrated clearly 
that coitus did not provide an initial stimulus for mammary development because 
corpora lutea could be induced in the virgin rabbit’s ovary merely by opening ripe 
follicles with a needle or fine scissors, and in these circumstances mammary 
development again coincided with the formation of luteal tissue. 

So far as concerns the rabbit the conclusions of Ancel & Bouin have been con- 
firmed by subsequent inquiries, and have been found applicable to some but not, 
perhaps, to every other species. O’Donoghue (1911) studied the development 
of the mammae in the marsupial spotted cat (Dasyurm viverrinus) of Australia 
and observed that the most active growth of the mamma after coitus occurs before 
the embryo has become attached to the uterus and therefore is not dependent on 
a placental stimulus. On the other hand, he noticed that mammary development 
is closely connected with the presence of active corpora lutea. Hammond (1917) 
submitted rabbits to sterile coitus and later examined their ovaries and mammae. 
He found that when, as usual, the mating was followed by the development of 
corpora lutea, mammary development also occurred, whereas in the absence of 
corpora lutea no mammary changes were present. Asdell & Salisbury (1933) 
observed that if the ovaries were removed from a rabbit after sterile coitus mam- 
mary development was at once arrested. Marshall & Hainan (1917) had already 
shown that in the dog, as in the rabbit, growth of the mammae coincided with 
secretory activity of the corpora lutea and that mammary involution closely 
followed their degeneration. 

Gardner (1935 6) has pointed out that in untreated female mice, as in the rabbit, 
mammary acini develop only during pregnancy or pseudopregnancy, that is to 
say in the presence of active corpora lutea. Mice have a very short oestrous cycle, 
during which the corpora lutea acquire little or no functional potency; in the 
absence of pseudopregnancy the virgin rabbit has no corpora lutea because she 
has no oestrous cycles. The evidence suggests that in these animals the growth of 
mammary acini, as distinct from ducts, depends largely on the presence of active 
corpora lutea. 

Some caution is required before accepting this explanation as though it were 
complete. Gardner, Diddle, Allen & Strong (1934) and Burrows (1935^) have 
shown that acini may sometimes develop in the mammae of male mice which 
have been treated with oestrogen alone. Gardner, Smith & Strong (1935) gave 
500 i.u. of oestrone benzoate once a week to male mice of the C3H and A strains, 
beginning before the' mice had been weaned. These large doses led to a stunted 
development of the mammary ducts with an extensive formation of acini. 
Bonser (1936) and Bonser & Robson (1940) have found that in the males of some 
inbred strains of mice (R3, CBA), though not in others (Strong A), oestrogens 
produce well-developed mammary acini. In 'guinea-pigs oestrogen alone will 
cause full mammary development, and in the monkey {Macacus rhesus) also the 
development of acini has been induced by giving oestrogen alone. Gardner & 
Van Wagenen (1938) gave oestrone in weekly doses varying from 2,000 to 8,000 
i.u. to male and immature spayed female monkeys. The first effect of this treat- 
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ment was to cause an extension of the duct system, but with continued injections 
an abundant development of acini ensued in both sexes. Hypothetically, two 
possible solutions of these apparent anomalies may be offered. First, as already 
stated, oestrogens help to maintain the corpora lutea in a functional state and to 
that extent assist in the formation of progesterone ; secondly, other organs than 
the corpora lutea may perhaps affect the development of lobules in the breast. 
In certain species and circumstances the adrenal cortex perhaps may provide 
sufficient progesterone, or an efficient substitute, e.g. androgen or corticosterone: 
the biological activities of these hormones have more than one feature in common 
with that of progesterone. We shall revert later to this possibility. 

(c) The effect of luteal extracts, or of oestrogen and progesterone together^ on the 
formation of mammary acini. Progesterone by itself appears to have little or 
no effect on the mamma. Corner (1930) gave progesterone alone to non-pregnant 
spayed rabbits and found that growth of the mammae was not induced thereby 
even when the injections were continued for the period of a normal pregnancy. 
Turner & Schultze (1931) and Turner & Frank (1932) have reported the same 
results in rats and rabbits. Selye, Brown & Collip (1936) say that 4 mg. of 
progesterone given daily to rats for a period of iz days did not cause any 
recognizable change in the mammae. 

The mouse appears to be an exception to this rule, for Gardner & Hill (1936) 
observed an extensive mammary duct system in castrated and non-castrated male 
mice which had received injections of progesterone alone. 

Many inquirers have found that full mammary development may be induced 
by appropriate supplies of oestrogen plus progesterone. In the guinea-pig full 
mammary development follows the administration of oestrogen alone. Nelson 
(1936(3) did not observe any difference between the mammae of guinea-pigs 
which had received injections of oestrone and progesterone and those of guinea- 
pigs which had received injections of oestrone only. This result does not in- 
validate the rule that oestrogen requires the co-operation of progesterone or some 
other hormone to bring the breasts to full functional maturity. It suggests rather 
that the effective accessory hormone,, whether progesterone, androgen or other 
compound, may be derived in the guinea-pig from some source apart from the 
ovary, perhaps from the adrenals, which in the guinea-pig are large compared 
with those of rats, mice and rabbits. 

Observations which have shown the influence of corpora lutea on the growth 
of the mammary gland may be explained by the fact that corpora lutea in their 
earlier stages produce oestrogen in addition to progestin, and at the later stages 
of pregnancy when they form progestin with little or no oestrogen the latter is 
supplied by the placenta. It may be of interest to consider further experiments 
which have a bearing on the subject. Nelson & Pfiffner (1930, 1931) caused 
hypertrophy of the mammae and nipples in gonadectomized immature male and 
female guinea-pigs by daily subcutaneous injections of an extract of sows’ corpora 
lutea. Such an extract, it is now known, contains both oestrogen and progesterone. 
Turner & Frank (1931) found that the daily administration' of oestrin to gona- 
dectomized male or female rabbits caused extension of the duct system without 
the formation of acini. However, in a castrated male rabbit which was given 
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12 r.u. of oestrin daily for 30 days followed by i c.c. of a luteal extract plus 
12 r.u. of oestrin daily a development of the mammae ensued like that which 
accompanies pregnancy. A still more pronounced result of the same kind was 
induced in another castrated male rabbit by giving the same dose of luteal extract 
with a dose of oestrin larger than that used in the former experiment. Turner & 
De Moss (1934) induced an extensive development of the mammary duct system 
in two male cats by the prolonged administration of oestrone (loo r.u. daily for 
60 days). After this stage had been reached, daily injections of i rb.u. of pro- 
gestin and 25 r.u. of oestrone were given for 13 days to one and 20 days to the 
other. At the end of these periods a pronounced lobular system had developed 
in both animals. Freud & De Jongh (1935) gave 100 i.u. of oestrone daily to 
young spayed rats for a fortnight, after which they were given i rb.u, of pro- 
gesterone daily , the injections of oestrone being continued. Other spayed rats were 
treated in the same way except that no progesterone was given. In the animals, 
which had received progesterone and oestrone the mammae resembled those of 
pregnancy; the milk ducts had narrow lumina, the epithelial cells having rounded 
nuclei and bulky cytoplasm. In the rats which had received oestrone alone, the 
mammary ducts showed acini only at their ends, the lumina were wide, the 
epithelial cells small with flat nuclei and little cytoplasm. When these experi- 
ments were repeated on hypophysectomized rats the same results were 
obtained. 

Asdell & Seidenstein (1935) spayed four rabbits and 2 months later removed 
their pituitaries. After this they were given 25 r.u. of oestradiol benzoate and 
4 rb.u. of progesterone daily. Under this treatment mammary enlargement with 
the development of acini occurred in each instance, and was almost equal in 
degree to that in rabbits whose pituitaries had not been removed. These changes 
in the mamma were accompanied, Asdell & Seidenstein say, by progestational 
changes in the uterus. 

Apparently the different species do not all respond alike to comparable doses 
of progesterone. When considering the experimental results mentioned above 
particular regard may be paid to the fact that co-operation or antagonism be- 
tween two different types of gonadal hormone may depend on the relative quanti- 
ties of each which are available at the same time, and it may be that some of the 
failures to induce the development of mammary acini by giving progesterone 
have been due to a deficiency or excess of oestrogen. Lyons & McGinty (1941) 
gave eighteen doses of oestrone and progesterone during 4 weeks to immature 
male rabbits. The same doses of oestrone, namely 120 i.u., were given throughout, 
but in different groups of rabbits the doses of progesterone were 0*25, i-o, 4*0 
and 8-0 i.u. To other rabbits oestrone alone was given. The latter treatment 
caused growth and dilatation of the ducts without the formation of acini. In the 
rabbits receiving progesterone in addition to oestrone acini developed. The 
greatest effect of this kind was induced by doses of i i.u. of progesterone com- 
bined with 120 i.u. of oestrone, both ducts and acini being well formed. 
Larger doses of progesterone were followed by poor mammary growth and 
apparently were inhibitory. Scharf & Lyons (1941) have reported the same 
results. 
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Selye (1940 <2) states that when given to spayed rats in large enough doses 
progesterone will cause extensive mammary development even if no oestrogen be 
given. He spayed young adult rats and 2 days later began to give them 1 5 mg. of 
progesterone daily. This treatment was continued for 10 days and the rats were 
killed 24 hours after the last doses. The mammae showed a lobular development 
like that of late pregnancy. In another series of rats treated in the same way 
except that the injections of progesterone were not begun until 9 days after the 
spaying, only slight mammary development was induced. 

Deoxycorticosterone has some of the properties of progesterone and may 
perhaps act as its substitute in assisting development of the mamma. Gardner 
(1940) gave daily subcutaneous injections of various hormones during a fortnight 
to hypophysectomized male mice, and found that whereas progesterone and 
deoxycorticosterone both amplified the action of oestrogen on the mamma, 
testosterone propionate hindered this action (Table 195). The adrenals perhaps 
have a larger share of gonadal action in one species than in another. 

A compound which is difficult to classify because it has activities which are 
common to all the three main types of gonadal hormone is pregneninolone. This 
resembles progesterone in its action on the breast, for in spayed mice it causes 
development of the mammary lobules, its action in this respect being favoured 
by a simultaneous supply of oestrone (Mixner & Turner, 1941 &). 

Table 195. The effect of hormones on mammary development in 
hypophysectomized mice (Gardner, 1940) 


Hormones used 

Number 

of 

mice 

Daily dose 

Nurnber of mice 
showing enhanced 
mammary development 

Progesterone 

4 

0*125 to 0-25 mg. 

I 

Deoxycorticosterone 

7 

0*25 mg. 

2 

Testosterone propionate 

II 

0-25 to 1*25 mg. 

0 

Oestrone 

10 

0*05 to ly 

5 

Oestrone plus Progesterone 

12 

Varied 

II 

Oestrone plus Deoxycorticosterone 

14 

Varied 

12 

Oestrone Testosterone propionate 

7 

Varied 

0 


Gardner’s experiments seem to show that in mice the action of oestrogen and 
progesterone on the mouse’s mamma is direct, and independent of the pituitary. 
Other workers, however, believe that the action of these ovarian hormones is 
indirect and is caused by their capacity to stimulate the production of mamma- 
trophin by the pituitary (p. 335). 

The reader may be reminded once more that the term hypophysectomy as used 
in this kind of experimental work is relative and not absolute. The pars tuberalis 
is rarely removed and the part remaining may have sufficient potency to confuse 
the outcome. 

The influence of progesterone in lactation. Apart from its co-operation with 
oestrogen in causing the mammary development requisite for the formation of 
milk it is possible that progesterone assists lactation in some other way. Such an 
idea is supported by the fact that active corpora lutea persist during suckling, 
although when it has been once established lactation may continue in the absence 
of the ovaries. Indeed there is evidence that when the mammae have been 
brought to a prelactational state, the secretion of milk will follow removal of the 



THE BIOLOGICAL ACTIONS OF PROGESTIN 435 

ovaries or the corpora lutea. Hammond (1917) found that in the rabbit lactation 
follows removal of corpora lutea provided that mammary development is enough 
advanced. Selye, Collip & Thomson (1933^) caused heavy luteinization in the 
ovaries of non-pregnant rats by subcutaneous injections of an anterior pituitary 
extract. If then the luteinized ovaries were excised lactation commenced within 
36 hours, though not if the pituitary were removed at the same time as the 
ovaries. One may suspect that in this case it was the sudden withdrawal of 
oestrogen that caused the onset of lactation, for it is known that oestrogen inhibits 
the flow of milk. On the other hand, it has been shown that progesterone, even 
when given in large amount, has little if any effect by itself on lactation. Folley 
& Kon (1937, 1938) gave i mg. of progesterone daily for 12 days to lactating rats, 
beginning on the 5th day after parturition, and were unable to detect any effect 
on lactation, as judged by the rate of growth of the young. So far as any opinion 
can be formed on the available evidence it seems that progesterone has a definite 
role in the maintenance of lactation, namely to inhibit the formation of FRH by 
the pituitary and the consequent production of oestrogen by the ovary. 

Actions common to Progesterone and Adrenal Cortical Hormones 

As mentioned earlier (p. 143), there is some community of function between 
corpora lutea and the adrenal cortices. 

(a) Maintenance of life after adrenalectomy, Rogoff & Stewart (1927, 1928), 
while studying the effects of adrenalectomy in dogs, observed that if the opera- 
tions were done on females during pregnancy or pseudo pregnancy the animals 
did not succumb as they would have done otherwise. In seventeen dogs whose 
adrenals had been removed during pregnancy life was prolonged in one instance 
for 58 days and in another for 47 days. One of the dogs lived for 26 days after 
littering and in this case survival could not be ascribed to the action of the 
adrenals of the foetuses. No such survival or anything approaching it was seen 
among seventy-four control dogs after adrenalectomy. These observations were 
supported by Swingle, Parkins, Taylor & Morrell (1936), who removed the 
adrenals from five dogs during oestrus. Although cortical hormone was not 
given these dogs survived for 60, 57, 47, 45 and 40 days respectively; at these 
dates signs of adrenocortical deficiency supervened. Pseudopregnancy is a regular 
sequence of unfertile oestrus in dogs, and in one bitch after removal of her 
adrenals, oestrus and pseudopregnancy were induced by gonadotrophin, after 
which though no cortical hormone was given the dog remained in good health 
for 25 days. The results of these experiments suggested that the functional 
corpora lutea of pregnancy or pseudopregnancy might act as substitutes for the 
adrenal cortex. In a later paper Swingle, Parkins, Taylor, Hays & Morrell (1937) 
report that daily doses of 2 mg. of progesterone did not prolong the lives of 
adrenalectomized dogs and cats in the absence of pregnancy or pseudopregnancy. 
In view of other work in this field it seems probable that their doses of pro- 
gesterone were too small. The same kind of experiment was performed on rats by 
Emery & Schwabe (1936), who excised the adrenals of 200 rats when they were 
30 days old, and then gave them implants of pituitary taken from castrated male 
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rats, or extracts of pituitary gland or extracts of pregnancy urine. In females this 
treatment caused a marked prolongation of life, but only if they possessed intact 
ovaries. In spayed females or in males the administration of gonadotrophin had 
no such beneficial effect after removal of the adrenals. Emery & Schwabe also 
found that 5 r.u. of oestrone given daily failed to prolong life in the absence of 
the adrenals, and they regarded the corpora lutea which developed under the 
influence of the artificially supplied gonadotrophin as the sources of the derived 
benefit. Fischer & Engel (1939) and D*Amour & D’Amour (1939) also obtained 
an increased survival time in female rats after adrenalectomy by treating them 
with gonadotrophin. 

Gaunt (1937) experimented with the ferret. This animal does not ovulate 
spontaneously and once in oestrus it remains in that condition for long periods, 
unless mated. Meanwhile corpora lutea do not develop. If pseudopregnancy is 
induced in this animal, by means of sterile mating or the injection of gonado- 
trophin, it lasts for about 6 weeks and is accompanied by the presence of well- 
developed, active corpora lutea. The effects of adrenalectomy done during oestrus 
and during pseudopregnancy were compared. Normally ferrets die within 
10 days after being deprived of their adrenals, the average survival period being 
about 6 days. The coexistence of oestrus accelerated death. But when the adrenals 
were removed during pseudopregnancy, when active corpora lutea were present, 
the average period of survival was 37*5 days, no other treatment having been 
given. 

In later work Gaunt & Hays (1938) removed the adrenals of five ferrets, one 
being a castrated male and the others spayed and non-spayed females. All of 
them were maintained in excellent health by giving 5 mg. of progesterone daily 
without other treatment. The minimal life-saving daily dose of progesterone was 
about 2 mg. All the ferrets died when the injections of progesterone were dis- 
continued, showing that adrenalectomy had been efficiently performed. Gaunt 
(1937) and Gaunt, Nelson & Loomis (1938) were able to maintain life in rats 
adrenalectomized when 30 days old, by daily injections of between i and 2 mg. 
of progesterone. Unlike cortical hormone, neither progesterone nor testosterone 
prevented the fatal effects produced by excessive doses of water given to rats after 
adrenalectomy. In this respect progesterone appears to differ from cortical 
hormone. Greene, Wells & Ivy (1939) removed the adrenals of rats weighing 
between 36 and 49 g. For 1 5 days after the operation some of the rats were given 
4 mg. of progesterone daily, while their littermate controls received no post- 
operative treatment. The latter died within 7 days, whereas those injected with 
progesterone lived longer and gained weight (Table 196). 

Table 196. The effect of progesterone in prolonging life in 
adrenalectomized rats (Greene, Wells & Ivy, 1939) 

Average 

duration Gained 

of life Limits weight after 

Treatment (days) (days) operation 

Adrenalectomized only (controls) 3-7 — 

Adrenalectomized and given progesterone 11-23 4- 

(4 mg. daily for 15 days) 


Number 
of rats 

1 1 
10 
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Schwabe & Emery (1939) Emery & Greco (1940) found that daily doses 
of I mg. of progesterone were enough to maintain life in rats which had been 
adrenalectomized in two stages between the 25th and 30th days after birth. 

(b) The effect of progesterone on the excretion of water and electrolytes, Thom 
& Harrop (1937) reported that both progesterone and pregnanediol reduced the 
urinary excretion of sodium in the normal male dog. Thom & Engel (1938) kept 
an adrenalectomized dog of 13*35 a constant diet and gave him a single 

injection of 20 mg. of progesterone subcutaneously. The injection was followed 
by a reduced excretion of water, sodium and chloride, and an increased output 
of potassium, the maximum effect being reached after 24 hours (Table 197). No 
comparable effects were obtained by similar doses of progesterone in normal dogs. 


Table 197 . The effect of progesterone on the excretion of water and electrolytes 
in an adrenalectomized dog (Thom & Engel, 1938) 

24-hour periods 


following a dose 

Body- 

Volume 

Na 

Cl 

K 

N 

of 20 mg. of 

weight 

of urine 

(mol. 

(mol. 

(mol. 

(mol. 

progesterone 

(kg.) 

(c.c.) 

equiv.) 

equiv.) 

equiv.) 

equiv.) 

I St 

13*35 

53° 

56*8 

56*5 

i 8-7 

9*5 

2nd 

13-40 

400 

42*8 

42-1 

19*4 

9*7 

3rd 

13-40 

625 

561 

54*8 

16-2 

9*6 


Dow & Zuckerman (1939 b) reported that progesterone, like oestrone and 
testosterone propionate, caused an increase in the weight of axolotls through 
retention of water. 

In contrast with the effects on animals deprived of their adrenals, progesterone 
in large doses appears to have a diuretic effect in some animab with intact 
adrenals. Selye & Bassett (1940) gave 10 mg. of progesterone daily to normal and 
hypophysectomized rats and noted that under such treatment the daily output of 
urine was increased, even reaching 50 per cent of the rat’s bodyweight. In this 
connection might be mentioned the deturgescent action of progesterone on the 
sex-skin of the baboon as reported by Gillman (1940), who noticed that 3 mg. 
of progesterone given to a baboon (Papio porcarius) in the turgid stage of the 
oestrous cycle caused deturgescence of the sex-skin. 

These experiments seem to indicate that the influence of progesterone on the 
excretion of water is not the same after adrenalectomy as before that operation. 
The effects of deoxycorticosterone, it seems, also may be affected in the same 
way by adrenal activity. R. F. Loeb (1941) studied the effects of deoxycorti- 
costerone on patients with adrenal cortical deficiency (Addison’s disease). He 
noticed great variations among these in the degree of response to esters of 
deoxycorticosterone, though a characteristiQ result was a gain in w'eight caused 
by retention of water. Normal individuals under the same treatment gained little 
if any weight. 

Menstrual oedema. In spite of the different effects of progesterone on animals 
with and without intact adrenals it may be possible, perhaps, to connect the 
water-retaining effects of progesterone with the slight general oedema noticed 
in women just before menstruation. Sweeney (1934) recorded periodically the 
weights of forty- two normal women 30 per cent of whom showed a gain in 
weight of 3 pounds or more some time in the menstrual cycle, usually just before 
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menstruation, on the onset of which the weight began to fall. In some instances 
a pitting oedema accompanied the increase of bodyweight. Selye & Stone 
(1943) found that progesterone will cause general oedema in chicks. This action 
is favoured by the simultaneous administration of NaCl. Salt favours also the 
causation of general oedema by deoxycorticosterone acetate. 

Apart from the metabolism of salts and water, there are other biological 
activities which are common to progesterone and corticosterone, including their 
effects on the mamma and uterus (p. 143). Some of these will be mentioned in the 
chapter concerned with adrenal hormones (p. 451). 

Miscellaneous Actions of Progesterone 

Our knowledge of progesterone is still primitive and much more work is required 
before any satisfactory and complete account can be given of its biological 
actions. Meanwhile a few effects which have not been mentioned in the earlier 
part of this chapter may be added. 

(a) The pituitary. Reference has been made on previous pages to the in- 
fluence of progestin on the functions and cytology of the pituitary (pp. 57, 91). 
One effect of special interest however may be mentioned here ; it is concerned with 
the resemblance between progesterone and deoxycorticosterone as regards both 
their chemical structure and their biological action. This resemblance apparently 
extends to the influence of these two types of compound on the pituitary. It is 
known that repeated doses of adrenal cortical extract inhibit the supply of 
adrenocorticotrophin from the pituitary and so bring about atrophy of the adrenal 
cortex. Clausen (1940) has found that progesterone has a similar effect. He gave 
4 mg. of progesterone daily for 15 days to male rats and killed them 2 days 
after the last injection. Comparison with controls showed that under this treat- 
ment the fasciculate and reticular zones of the adrenals had undergone some 
degree of atrophy as shown by the diminished size of the cells. 

(h) The liver. Engelhart & Riml (1934) found an increased concentration of 
glycogen in the livers of guinea-pigs which had been given injections of an 
extract of corpora lutea, and Brunelli (1935) reported that a luteal extract, in 
contrast with oestrone which causes a diminution of hepatic glycogen, leads to an 
increase of glycogen in the liver of the spayed rat. Gaunt, Remington & Edel- 
mann (1939) detected little if any action by large doses (35 mg.) of progesterone 
on the liver glycogen of rats, but in ferrets which had fasted for 24 hours pro- 
gesterone raised the liver glycogen and increased the blood sugar, though the 
muscle glycogen showed little if any alteration. 

(c) The adrenal. When young mice become pregnant a rapid disappearance 
of the zone of the adrenal occurs, and at one time it seemed possible that 
progesterone might be the cause of the degeneration. This, however, has been 
disproved by Howard & Gengradom (1940), who implanted pellets of pro- 
gesterone subcutaneously into spayed mice of a month old. At the end of 4 weeks 
the mice were killed. The average daily absorption of progesterone as estimated 
by weighing the residual pellets had been 0*137 mg. The adrenals of these mice 
all showed undiminished .x: zones, equal in size to those of control mice. Similar 
results were obtained in non-spayed mice after treatment with progesterone. 
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During gestation in the ^A^oman, whether a male or female embryo is present, 
an increased excretion of androgen in the urine apparently takes place, and it is 
perhaps to a gestational androgen that the disappearance of the x zone during 
pregnancy in mice may be attributed (p. 233). 

(d) The copulatory reflex. In spayed guinea-pigs the copulatory reflex may 
be obtained by suitable doses of progesterone if these have been preceded by a 
sensitizing dose of oestrogen. Hertz, Meyer & Spielman (1937) spayed young 
adult virgin guinea-pigs and a week later gave them i y of oestrone twice a day for 
2 days. On the 3rd day 0-2 mg. of progesterone was given. This caused the guinea- 
pigs to give the copulatory reflex within a period varying from 3I to 7 J hours. 
Other compounds, related to progesterone, including pregnanedione, preg- 
nanediol, oestriol, androstenedione, dehydroandrosterone and testosterone, did 
not produce a copulatory reflex in otherwise similar circumstances. Collins, 
Boling, Dempsey & Young (1938) confirmed this action of progesterone in the 
spayed female guinea-pig. It appears that a preparatory dose of oestrogen is 
necessary, a single dose of oestrogen being eflFective in this respect for the next 
5 days. Beach (1942) gave 500 r.u. of oestradiol benzoate to spayed rats and 
tested them for sexual reciprocity 66-68 hours later. The males were attracted 
and tried to mount but were not accepted. If given 500 r.u. of oestrogen followed 
48 hours later by 0*5 or i mg. of progesterone all the female rats showed signs 
of receptivity. Witschi & Pfeiifer (1935) had already shown that female rats 
kept in constant oestrus by parabiosis with a castrated partner or by repeated 
injections of FRH do not ovulate, form corpora lutea or copulate. The injection 
of LH in these circumstances is followed by ovulation, luteinization and mating. 

(e) The minnozo^s ovipositor. Although all the three main types of gonadal 
hormone bring about hypertrophy of the minnow’s ovipositor, progesterone is 
so much more effective than oestrogen or androgen that it may be used, accord- 
ing to De Wit (1938), for the assay of progesterone. Oestrogens need a latent 
period of between 10 and 12 hours, whereas androgens and progesterone cause 
a measurable enlargement of the ovipositor after a latent period of i hour. 
Androgen, however, is so much less influential than progesterone that 50 times 
the amount is needed to give a response. 



PART VI. SEX HORMONES OF THE 
ADRENAL CORTEX 


Chapter XXIII. Sex Hormones of the Adrenal Cortex 

General considerations. Pituitary-adrenal relationship. Adrenal-gonad relationship. Adrenal 
virilism and feminism. Inactivation of deoxycorticosterone by the liver. 

General Considerations 

The adrenal cortex has such an important share in the physiology of reproduction 
that it must be regarded as a sexual organ, though it has other than sexual func- 
tions to perform. As Kendall (1941) remarked, the adrenal cortex does not 
elaborate any single substance which can be described as the vital hormone of the 
gland. It produces numerous steroid compounds with different biological 
actions, and substitution therapy after adrenalectomy requires a combination of 
compounds. 

Before considering those adrenal activities which bear directly on sexual life 
a few anatomical details may be recalled. 

The adrenal cortex consists of three chief zones: the glomerular which is 
outermost, the fasciculate which is intermediate and the reticular which is inmost 
and immediately surrounds the medulla, which consists of nerve tissue. In young 
animals there is an additional zone lying next the medulla and described as the 
X zone (Elliott & Armour, 19 1 1). This might perhaps be regarded not as a separate 
zone but as a reticular zone in its earlier form, when it differs greatly in appear- 
ance from that seen in the normal adult. Between the glomerular and fasciculate 
zones is a thin layer of smaller cells with condensed nuclei which has been 
described as the demarcation zone. 

In the adult the adrenal cortex is replenished by mitoses of those glomerular 
cells which lie next the capsule (Zwemer, 1936; Grollman, 1936). As they pass 
inward from this region the cells become occupied by lipoid granules or droplets 
and eventually disintegrate, or disappear in some other manner, in the region of 
the reticular zone. In early life, and perhaps later, cell regeneration probably 
occurs also in or near the reticular zone. 

Changes in the adrenals accompany advancing age. The x zone soon disappears 
— during early infancy in man and about puberty in the mouse — though its dis- 
appearance may take place at different ages in the two sexes. With advanced age, 
especially in females, the zona fasciculata undergoes a characteristic change, the 
cells as they pass inward toward the medulla become increasingly laden with 
lipoid-like material, until as they approach the reticular region they may lose 
their cell walls and coalesce to form rounded masses of fat-like material con- 
taining pycnotic nuclei (Burrows, 19366). 

At present an attempt to allocate the different functions of the adrenal to par- 
ticular zones would be hazardous, though there is reason to think that corti- 
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costerone and its closest allies are formed in the outer zones and that the sexual 
hormones are produced nearer to the medulla. But our knowledge is too limited 
to regard as more than tentative such an ill-defined proposition as this. Bennett 
(1939) states that the three ketonic steroids, corticosterone, deoxycorticosterone 
and dehydroxycorticosterone, can be identified only in the ' spongiocy tes ’ of 
the outer part of the fasciculate zone. In the cat these hormones, he says, 
cannot be detected in other parts of the cortex. 

Sex hormones isolated from the adrenal. In the discussion of the sources of 
androgen, oestrogen and progestin (pp. 163, 257, 391) the ability of the adrenal to 
produce all these kinds of hormone was mentioned and little more attention need 
be given to the subject here except to refer once again to the constitutional re- 
semblance between the special steroids produced by the adrenal cortex and those 
produced by the gonads (Fig. i, pp. 98, 99). 


Pituitary-adrenal Relationship 

{a) The action of pituitary implants or extracts on the adrenal: adrenocorti- 
cotrophin. As with the gonads, the development and functional activity of the 
adrenal cortex are directly controlled by the pituitaiy, through the agency of one 
or more adrenocorticotrophins. Delille (1909) in a well-documented paper called 
attention to the fact that hyperplasia of the adrenal cortex follows the injection 
of pituitary extracts. This observation has been confirmed by additional experi- 
ments in which extracts or implants of pituitary were introduced (Evans, 1923; 
Smith & Engle, 1927; Emery & Atwell, 1933; Collip, Anderson & Thomson, 
1933) others). Such treatment causes not merely enlargement of the adrenal 
cortex but stimulates also its production of sexual hormones. Davidson & Moon 
(1936; see also Davidson, 1937) showed that an adrenocorticotrophic extract, 
free from gonadotrophin or growth hormone, caused enlargement of the adrenal 
cortex and accessory generative organs in rats whose testes and pituitaries had 
been removed. The experimenters castrated eighteen rats 30 days after birth and 
performed hypophysectomy 4 days later. Of these rats seven were kept as con- 
trols, and the remaining eleven were injected twice a day for a fortnight with 25 
units of the adrenocorticotrophin, and were killed on the day after the last 
injection. Davidson noted that adrenocorticotrophin did not cause enlargement 
of the adrenal medulla. Some of his results are given in Table 198. 

Table 198. The effect of adrenocorticotrophin on the size of the adrenals 
and their output of androgen (Davidson, 1937) 

Average weights of organs in mg. 


Number 

Condition of rats of rats 

Castrated and hypophysectoniized 
Castrated, hypophysectomized and 
given adrenocorticotrophin 
Normal untreated rats of same age 


Prostate and 

Adrenals Seminal vesicles 


9-5 


40 


67*0 7z 

25-30 


Emery & Atwell (i 933 ) observed that the pronounced ^^renal hypertrophy 
induced by adrenocorticotrophin, whether in castrated or non-castrated rats, is 
caused lesi by proliferation than by enlargement of the glandular cells whos 
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C3rtoplasm becomes unusually rich in lipoid. A few mitoses are seen, but in their 
experiments adrenocorticotrophin seems to have affected function more than 
cellular multiplication. 

Anselmino, Hoffmann &Herold (1934) gave injections of adrenocorticotrophin 
to infantile mice and noted the following results in the adrenals : {a) an increase 
in the number and size of the cells forming the fasciculate and glomerular zones, 
(i) an increase of secretory activity in these cells as shown by their lipoid con- 
tents, and (r) an intense hyperaemia of the gland. McQueen- Williams (1934&) 
implanted finely ground beef pituitary into rats. This treatment caused hyper- 
trophy of the adrenal cortex, the cells of the reticular and fasciculate zones being 
much increased in size and containing abnormally large amounts of lipoid. 
Nelson (1941 ^)gave daily injections of adrenocorticotrophin (10-25 diem) 

for periods ranging from 10 to 30 days to immature male and female rats. Among 
the results of this treatment were noticed atrophy of the thymus, enlargement of 
the mammae and of the accessory reproductive organs in both sexes. These 
effects were obtained even in the absence of the pituitary and the gonads, and 
suggest that the adrenocorticotrophin had stimulated the adrenals to produce 
hormones with biological potencies like those of hormones formed by the gonads. 
When considering this kind of experiment the difficulty of preparing adrerio- 
corticotrophin in a pure state, free from other pituitary trophins, has to be borne 
in mind. 

In man there is evidence that the adrenal is governed by the pituitary. Cushing 
& Davidoff (1927) reported that in every one of four cases of acromegaly associ- 
ated with acidophylic adenomas of the pituitary the adrenals were hypertrophied, 
the largest glands being 4 times the normal weight. They say that hypertrophy 
of the adrenal cortex is one of the most constant expressions of hyperpituitarism. 
In contrast with this finding they mention that in one of two instances of hypo- 
pituitarism in man the adrenals were very small, weighing together only 4 g. 
Cushing (1932) has said later that all known disorders of the pituitary are apt to 
cause pronounced secondary changes in the adrenal cortex. 

{b) The effect of hypophysectomy on the adrenal cortex. The atrophic changes 
in the adrenal which follow hypophysectomy have been recorded by successive 
observers since the pioneer experiments of P. E. Smith and his colleagues. Evans 
(1923-24) noted that removal of the pituitary is followed by a reduction in size 
of the adrenal cortex without any corresponding shrinkage of the medulla. 
Collip, Anderson & Thomson (1933) found that after hypophysectomy atrophy 
of the adrenal cortex ensued and that if in these circumstances one adrenal were 
excised the other failed to undergo compensatory hypertrophy. The administra- 
tion of pituitary extracts free from growth hormone caused enlargement of the 
surviving adrenal. 

The histological effects of hypophysectomy in the adrenal of the mouse were 
studied by Leblond & Nelson (1937 ^)* The first notable changes, they say, 

appear in the first 48 hours, though the rapidity of response varies with different 
individuals. These early changes are seen first in the reticular zone, in the cells of 
which vacuoles appear and increase in size until the cells lose their boundaries 
and become confluent, forming siderophil masses in which are scattered pycnotic 
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nuclei. The siderophil masses are often yellow; in sections for the microscope 
they become coloured by fat stains. The changes resemble in the main those 
which are induced in the adrenal cortex by oestrogen (Burrows, 1936^) and are 
apt to accompany old age in both sexes, though more markedly in females. 
General atrophy of the adrenal cortex follows the earlier changes caused by 
hypophysectomy , and the cortex becomes reduced to a thin layer, the shrinkage 
of the fasciculate zone advancing more rapidly than that of the glomerular zone. 
The individual cells of the atrophied cortex are lessened in size and no longer 
contain secretory granules or vacuoles; nor do they take up fat stains. The 
medulla remains little if at all changed. 

(c) The effect of adrenocortical hormones on the pituitary. It will be remem- 
bered that the repeated administration of gonadal hormones hinders the output 
of gonadotrophin from the pituitary and so brings about gonadal atrophy. The 
same sort of mechanism for regulating glandular activity in accordance with the 
requirements of the individual is evident in the pituitary-adrenal relationship. 
Ingle, Higgins & Kendall (1938) gave large doses of cortical hormone (‘cortin’) 
daily to rats for periods extending from 7 to 28 days. To one group receiving the 
-largest doses adrenocorticotrophin was also given. In the rats which had received 
cortin only the adrenal cortex was atrophied, and the atrophy was most pro- 
nounced in the animals which had received the largest doses, resembling that 
seen in hypophysectomized rats. In the rats which had received cortin plus 
adrenocorticotrophin atrophy of the cortex had not occurred. Thus it appears 
that an adrenal cortical hormone has an inhibitory influence on the output of 
adrenocorticotrophin from the pituitary. Selye (1940^) has called attention to 
this general phenomenon, for which he suggests the term ‘compensatory 
atrophy ^ As additional examples he mentions atrophy of the thyroid induced 
by thyroid feeding, atrophy of the islands of Langerhans under the influence of 
insulin, of the ovaries and testes caused by gonadal hormones, and of the para- 
thyroids caused by parathyroid extract. 

It may be noted that, according to Selye, the atrophic effects of deoxycorti- 
costerone in the rat are present in equal or nearly equal degree in all three zones 
of the adrenal. He observed also that 3 mg. of deoxycorticosterone given daily 
by subcutaneous injection for a period of 20 days to gonadectomized mice 
I month old caused complete degeneration of the zone of the adrenal. 

The hormones of the adrenal cortex not only control the output of adreno- 
corticotrophin from the pituitary but they influence also the production of 
gonadotrophin; in fact they appear to be essential for the formation of FRH. 
Corey & Britton (1931) showed that precocious puberty can be induced by an 
extract of the adrenal cortex. They gave daily intraperitoneal injections of an 
adrenal cortical extract to Wistar rats, beginning when these were 28 days old. 
At the end of 14 days of this treatment the ovaries were much increased in size 
and contained large follicles, and the uterus also was enlarged. The effects on the 
testes were not so striking and appeared later; nevertheless the male rats too 
showed precocious development, spermatogenesis being present at the age of 
35 days. 

{d) The effects of adrenalectomy on the pituitary. The chief effect of adrenalec- 
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tomy on the sexual functions of the pituitary seems to be a hindrance to the 
supply of FRH. This matter will be discussed more fully in connection with the 
effects of adrenalectomy on the gonads (p. 448). , 

(e) The administration of deoxycorticosterone causes enlargement of the pituitary. 
Turner & Meites (1941) treated guinea-pigs with deoxycorticosterone acetate 
for a period of 15 days, after which the weights of their pituitaries were compared 
with those of untreated guinea-pigs. In all cases the pituitaries of the treated 
guinea-pigs were heavier than those of the untreated (Table 199). It will be 
noticed that atrophy of the adrenals was apparently not caused in this experiment 
by the administration of deoxycorticosterone. 

Table 199. The effect of deoxycorticosterone acetate on the weight of 
the guinea-pig’s pituitary (Turner & Meites, 1941) 


Amount of 


Number 


deoxycorti- 

Duration 

Average 

Average 

Average 

of 


costerone 

of 

body- 

weight of 

weight of 

guinea- 


given 

treatment 

weight 

adrenals 

pituitary 

pigs 

Sex 

(mg.) 

(days) 

(g.) 

(mg.) 

(mg.) 

5 

Female 

0 

— 

• 405 

207-9 

11-46 

5 

Female 

15 

15 

439 

206*7 

15-46 

5 

Male 

0 


340 

164-9 

9-56 

5 

Male 

15 

15 

344 

170-0 

12-36 


Adrenal-gonad Relationship 

The functions of the gonads and adrenals to some extent overlap. For example, 
the capacities to maintain life after adrenalectomy and to conserve water and 
electrolytes in the body, which are recognized properties of the adrenal cortex, 
are shared to some extent and in certain circumstances by the gonads. The pro- 
duction by the adrenals of all the three main types of gonadal hormone, namely 
androgen, oestrogen and progestin, has also been proved. Further evidence that 
the adrenals are sexual organs may be given under several headings. 

{a) Sexual dimorphism of the adrenals. The relative size of the adrenals differs 
in the two sexes. This difference was noticed by Hatai^(i9i3 6), whose observations 
were made on rats. He found that the mean weight of the two adrenals was less 
in the male than in the female. This difference was not apparent during infancy 
but became discernible when the rats were about 50 days old. Hatai further 
observed that gonadectomy caused a reduction in size of the adrenals in the 
female rat and an increase in their size in the male. 

The X zone. In some species, including the mouse, the most striking dif- 
ference between the male and female adrenals concerns that part of the adrenal 
known as the x zone. This structure was first discovered in the human infant and 
described by Elliott & Armour (1911) and Thomas (1911), and was investigated 
also by Lewis & Pappenheimer (1916). In the human infant at birth the adrenal 
cortex is hypertrophied so that the gland is large as compared with the kidney. 
At this stage of existence the adrenal consists of (i) a narrow zone of tissue repre- 
senting the permanent cortex, (2) a thin core of medulla and (3), situated between 
these layers, a thick zone of foetal cortex. In man this foetal cortex or x zone 
begins to degenerate soon after birth, and by the end of the first postnatal year 
has almost or quite disappeared according to the observers mentioned above. 
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Possibly this disappearance may not be complete in females, for in the adrenals 
of women Goormaghtigh (1922) observed juxtamedullary cortical cells which 
have characters like those of the x zone. 

In certain animals the fate of the x zone is different in the two sexes. Howard- 
Miller (1927) states that in the mouse at the 4th or 5th week after birth the x zone 
in the female occupies a larger proportion of the adrenal than it ever occupies in 
the male. At the age- of 4 weeks in the male the x zone ceases to grow and rapidly 
disappears, so that by the end of the next 10 days little or no trace of it remains. 
In females it persists for a much longer period. In the absence of pregnancy the 
X zone of the female mouse gradually degenerates until, after a period varying 
from 80 to 200 days, the adrenal resembles that of the male. If pregnancy ensues 
the X zone rapidly disappears and in most cases is not seen after the 12th day of 
gestation, but this disappearance does not accompany pseudopregnancy. As it 
exists in the immature animal the x zone consists of cells which are smaller than 
those of the fasciculate zone and the C3rtoplasm is more intensely coloured by 
eosin. At this period, though the cells "of the fasciculate zone may be coloured 
deeply by fat stains (Sudan III) those of the x zone remain unstained. While 
undergoing degeneration, however, the cells of this zone in the female may or 
may not (Whitehead, 1932-33) become full of droplets which take up fat stains; 
the cells so affected may coalesce to form lipoid masses in the reticular region. 
In the male degeneration is not accompanied by this lipoid change. 

Goormaghtigh (1922) has pointed out that the lipoid in the cells of the 
fasciculate zone is doubly refracting and labile, and differs from that of the 
juxtamedullary zone. 

Castration in the young male leads to a persistence of the x zone, whereas in 
the female no change is caused by removal of the ovaries. For the most part these 
observations have been confirmed by Deanesly (1928) and others. Martin (1930) 
reported that in mice the administration of pituitary gonadotrophin caused en- 
largement of the X zone in female mice and its persistence in males, whereas 
androgen caused its disappearance in males and females. Apropos of the effect 
of gonadotrophin on the adrenal, Deanesly (1938^) made the interesting observa- 
- tion that in pituitary-deficient dwarf mice the x zone is absent. 

The different changes which normally take place in the x zone in the male and 
female respectively are almost certainly attributable to the gonadal hormones 
supplied by the two sexes. Androgens cause a rapid disappearance of the zone 
(Whitehead, 1932-33) and oestrogens given in excess bring about a lipoid change 
within the cells of which it is composed. 

The adrenals of adult male and female mice differ in another way. In the male 
there is a well-defined layer of fibrous tissue separating the cortex from the 
medulla. In females this fibrous barrier is less well developed, so that ceils of the 
cortex almost touch and in places may seem to intermingle with those of the 
medulla. In mice this sexual dimorphism is well marked, and sections of adrenals ex- 
amined under the microscope usually enable the sex of the animal to be recognized 
by this difference alone. The fibrous layer is thought to represent the condensed 
framework of connective tissue belonging to the inner part of the cortex from 
which the glandular cells have been lost, perhaps when the xzone disappeared. 
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The fate of the x zone and the degree of separation of the cortex from the 
medulla by fibrous tissue are not the only features in which the male and female 
adrenals differ. Hill (1933) found that in monkeys the zona fasciculata is larger 
in the female than in the male and so is the adrenal as a whole. Zalesky (1936) 
made similar observations on the adrenals of the guinea-pig and noted moreover 
that this sexual difference is not abolished by gonadectomy and therefore does 
not depend entirely on gonadal activity. Whitehead (1935 states that in the 
guinea-pig the mean thickness of that part of the cortex in which lipoid is present, 
as shown by staining with Sudan III, has a proportion of 29 : 63 in males and 
females respectively. Giroud & Santa (1940) compared the relative proportion 
between the medulla and cortex of the adrenals of different animals and found 
in this respect a distinct sexual dimorphism, the cortex forming a larger part in 
females than in males of the total weight of the whole adrenal (Table 200). 

Table 200. Comparison of the weights of medulla and cortex in the 
adrenals of male and female animals (Giroud & Santa, 1940) 

(Mean weight of cortex in g. per loo g. of total adrenal.) 


Animal 

Male 

Female 

Castrate 

Pig 

86-0 

90*2 

90-5 

Horse 

82-1 

86*4 

91-8 

Bull, Cow and Ox 

72*0 

87 

83*2 

Sheep 

85*3 

90*2 

88-6 


(6) Seasonal changes in the adrenal cortex. In both male and female the 
adrenals, like the gonads, undergo changes in accordance with the sexual 
activities of the host. Such changes have been noted in reference to the breeding 
season, oestrus, pregnancy and lactation. 

The breeding season. Riddle (1923) noticed that in female pigeons the adrenals 
increase in weight with each nesting cycle, the maximum weight corresponding 
with the time of ovulation. In four groups of pigeons of different kinds the mean 
increase in weight of the adrenals at ovulation was 40 per cent. Moore, Simmons, 
Wells, Zalesky & Nelson (1934; see also Zalesky, 1934), when studying the re- 
productive organs of the ground squirrel, noted that enlargement of the adrenal 
cortex accompanies the breeding season in both sexes. The hypertrophy affects 
chiefly the outer part of the reticular zone. A similar change, they discovered, 
can be induced during the non-breeding period by giving pituitary or chorionic 
gonadotrophin. Comparable observations have been made by Kayser & Aron 
(1938) on the hamster. In this rodent they find that in March the reticular zone 
of the adrenal is swollen and consists of large cells arranged in several layers and 
containing intracellular inclusions of lipoid, whereas in September the reticular 
zone is narrow and lipoid inclusions are absent. In a man, the administration of 
20 mg. daily of deoxycorticosterone acetate is said to have caused intense libido 
(Lawrence, 1943). 

Oestrus. Andersen & Kennedy (1932) studied the changes in the adrenal 
cortex which take place during the oestral cycle. For this purpose they killed 
virgin rats (i) 60 hours after oestrus and (2) at oestrus. In dioestrus, they say, 
there is a wide glomerular zone defined from the fasciculate zone by a row of cells 
with condensed nuclei. The cells of the outer part of the fasciculate zone are 
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somewhat larger than those of the inner part and contain a few vacuoles which 
become stained by Scarlet-red. Near the medulla are small groups of cells the 
cytoplasm of which is stained deeply by eosin. These cells also become stained 
by Scarlet-red. At oestrus the glomerular zone is narrower than in dioestrus and 
is less clearly demarcated from the fasciculate zone. The cells of the outer half 
or two-thirds of the zona fasciculata are much enlarged, vacuolated and pale, as 
seen in sections stained with haematoxylin and eosin. The eosinophilic cells near 
the medulla are enlarged, contain vacuoles and resemble ‘the cells of the outer 
portion of the zona fasciculata. A few cells in the rim of the medulla and some 
adjacent cortical cells take up the Scarlet-red stain freely, but most of the cortex 
merely becomes stained a pale red. During oestrus, these workers say, the cortex 
is significantly increased in weight. Bourne & Zuckerman (1941) have made 
confirmatory observations. 

Pregnancy and lactation. Guieysse (1899) examined the adrenals of guinea- 
pigs at various stages of pregnancy. He found that during gestation the adrenal 
cortex is enlarged. The hypertrophy is caused by an increase in size of its com- 
ponent cells and not by their multiplication. After about the 12th day of preg- 
nancy, he says, vacuoles indicating secretory activity begin to form in the 
fasciculate zone, the cells of which attain their greatest dimensions at the 30th 
day or perhaps later. Guieysse noticed also that the adrenal cortex is enlarged 
during lactation. 

(^r) Mutual reactions between the adrenals and gonads: the effect of gonadectomy 
on the adrenals. According to Hatai (1913 6, 1915) the effect of gonadectomy on 
the adrenal in rats differs in the two sexes, the gland becoming enlarged after the 
operation in the male and diminished in the female. Altenburger (1924) castrated 
four mice between 3 and 8 weeks old and killed them 3 months later when he 
found hypertrophy of the adrenal cortex with histological abnormalities in its 
structure. In the normal adult male mouse, as mentioned earlier, there is a well- 
defined fibrous boundary between the cortex and medulla; in the castrated mouse 
this connective tissue barrier is less substantial. The hypertrophy which follows 
castration involves the cortex only (Table 201). Similar changes in the adrenal 
after castration have been recorded in the dog and rabbit. 

Table 201. Hypertrophy of the adrenal cortex in the young male mouse 
3 months after castration (Altenburger, 1924) 

Mean diameters of medulla Mean width of cortex 
Condition of mice (mm.) (mm.) 

Normal i*o xo'66 0-26 

Castrated 0*88 x 0-52 0-44 

Masui & Tamura (1927) also recorded an enlargement of the adrenal in the 
male mouse after castration, though in the female removal of the ovaries was not 
followed by an increase in the size of the gland. They noted further that if male 
mice were castrated before puberty the x zone was preserved. According to 
Andersen & Kennedy castration of adult males is followed by little if any change 
in the adrenals. Spaying of the adult female causes in the next few days an 
enlargement of the adrenal cortex resembling that seen during oestrus. Six to 
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8 weeks after spaying the adrenal cortex has shrunk, the lipoid content of the 
fasciculate zone has decreased and degenerative changes are present in the zona 
reticularis. In the ground squirrel Moore and his collaborators (1934) have seen 
degeneration of the zona reticularis in both sexes after removal of the gonads. 
Zalesky (1936) studied the effect of gonadectomy on the guinea-pig's adrenal and 
found an increase of lipoid in the cells of the fasciculate and reticular zones. 
These changes following gonadectomy were less pronounced in male than in 
female guinea-pigs; the animals were immature when the operation was done, 
and the adrenals were examined 18 months later. Hall & Korenchevsky (1938) 
castrated rats when they were between 21 and 27 days old. The operation was 
followed by hypertrophy of the adrenals. The histological changes affected the 
fasciculate and reticular zones, and included an increase in the vacuolation and 
s;ze of the individual cells. The vacuolation and accumulation of lipoid granules 
in the outermost cells of the zona fasciculata caused the demarcation layer be- 
tween the glomerular and fasciculate zones to disappear. The administration of 
androgens brought about a return of the adrenal cortex to its normal size, or to 
less than its normal size, by a decrease in the vacuolation and in the number of 
lipoid granules within the cells. All the androgens tested produced these results, 
having been administered twice a day for 3 weeks. The compounds proved to be 
effective in this way were androsterone, androstanediol, /r<2w.?dehydroandro- 
sterone, testosterone, testosterone propionate, A^-androstenedione and A®-andro- 
stenediol. Testosterone propionate injected into non-castrated rats did not induce 
definite changes in the size or weight of the adrenals. 

The effects of adrenalectomy on the ovary and testis. Jaffe & Marine (1923) 
noticed that in most female rabbits which had survived adrenalectomy for 30 or 
more days ovarian enlargement was present. The increase in size was due to 
hypertrophy of the interstitial cells, and was regarded as a compensatory reaction. 
Jaffe and Marine observed no corresponding change in the testes of rabbits after 
adrenalectomy. Kitagawa (1930) and Wyman (1928) discovered that double 
adrenalectomy in the rat caused a suppression of oestrus, whereas removal of one 
adrenal alone had no obvious effect on the ovary. Martin (1932) performed 
adrenalectomy in two stages, with a 3- or 4-day interval between the operations, 
on 121 rats. In 74 anoestrus followed, in 32 the oestral cycles were prolonged, 
and in 15 oestrus continued as usual, possibly because accessory adrenal tissue 
was present. Others have confirmed these observations and have shown that the 
anoestrus following removal of the adrenals can be cured by substitution therapy. 
Pencharz & Olmsted (1931) demonstrated that the effects of adrenalectomy could 
be overcome by the implantation of an adrenal into an ovary, and others have 
obtained reversal of the effects of adrenalectomy on the ovary by giving adrenal 
cortical extracts (Martin, 1932; Corey & Britton, 1934). Additional experiments 
seem to show that the atrophy of the gonads after adrenalectomy is an indirect 
effect in which the pituitary is unable to form gonadotrophin, or at least FRH, 
without assistance from the adrenals. 

Corey & Britton (1931) and Nice & Shiffer (1931) found that precocious sexual 
maturity as shown by opening of the vagina could be induced in rats, provided 
that they were at least 20 days old, by means of adrenocortical extracts. The effects 
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resembled those caused by pituitary extracts. Martin (1932) tested the gonado- 
trophic potency of the rat’s pituitary after adrenalectomy by means of implanta- 
tions into immature female rats, and found the potency reduced. The ovaries of 
the rats in which anoestrus had been caused by adrenalectomy were about one- 
third or a half the size of the ovaries of control rats and contained solid masses of 
corpora lutea. When in these circumstances pituitary extracts were administered, 
maturation of follicles and oestral cycles were resumed. The pituitaries of rats 
after adrenalectomy, Martin states, are reduced in size and show a reduction of 
the eosinophile cells. Shumacker & Firor (1934) have recorded that adrenalectomy 
is followed by a reduction of the gonadotrophic potency of the rat’s pituitary and 
that pituitary implants will induce premature sexual maturity in the absence of 
the adrenals. Corey & Britton (1934) found that a chorionic gonadotrophin rich 
in LH Antuitrin S’) failed to restore oestral cycles after adrenidectomy ; 
whereas Swingle, Parkins, Taylor & Morrell (1936) found that FRH obtained 
from postmenopausal urine caused a resumption of oestrus in the absence of the 
adrenals. 

According to Jaffe & Marine (1923) adrenalectomy affects the testis differently 
from the ovary, for the testis becomes smaller after the operation and the inter- 
stitial cells are not enlarged. The reduction in size of the testis may be partly 
due to the arrest of spermatogenesis. 

There is evidence that after adrenalectomy the interstitial glandular cells of 
the testis will yet react to gonadotrophin. Freed, Brownfield & Evans (1931) 
record the same results of adrenalectomy in rats as those found by Jaffe & 
Marine in rabbits, and have further noted that injections of LH, though not 
restoring spermatogenesis, apparently will stimulate the interstitial cells to 
secrete, so that the seminal vesicles become doubled in size. 

The action of gonadal hormones on the adrenal has been already discussed 
in the separate chapters devoted to the actions of androgens, oestrogens and 
progestins. 

The action of adrenal cortical hormones on the gonads. Corey & Britton (1931) 
gave adrenocortical extracts to young male rats and thereby caused precocious 
sexual maturity. The seminal tubules became enlarged and showed increased 
activity with precocious spermatogenesis, though little response was seen until the 
rats were 35 days old. The results, they say, were like those caused by extracts 
of the anterior lobe of the pituitary. Besides its own specific hormones the 
adrenal produces androgen, oestrogen and progestin. Although in chemical 
constitution the gonadal hormones produced by the adrenal may differ somewhat 
from the compounds formed by the gonads, their biological actions are sufficiently 
like those of the latter to require no separate analysis in this chapter. When the 
combined action of the adrenal secretions is being considered we are faced 
with the fact that there are many of them; moreover, they have co-operative, 
antagonistic, or independent effects according to the relative proportions in 
which they are supplied. Further, we do not yet know what influences determine 
the output by the adrenal of each individual type of hormone. In view of these 
difficulties the writer will refrain from any attempt to analyse in detail the tissue 
activities which are controlled by the sexual hormones of the adrenal. 


29 
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What knowledge we have of the subject is chiefly derived from (i) the effects 
of adrenalectomy which have been discussed a few pages earlier and (2) the 
abnormalities which accompany the conditions known in man as adrenal virilism 
and feminism. 

Overlapping activities of the adrenal and gonadal hormones. The fact that 
gonadal hormones can perform to some extent the special functions of the 
adrenal cortex has been mentioned (p. 143) and our present discussion will be 
confined to the capacity of the adrenal cortex to act as a substitute for gonadal 
tissue. This capacity is not explained only by the recognized ability of the 
adrenals to produce androgen, oestrogen and progestin, but is due also to some 
similarity of action between the corticosterones and the gonadal hormones, 
especially progestin. Most of what we shall say will be directed to the resem- 
blance between the cortical hormones and progestin. 

The action of deoxycorticosterone, like that of several other hormones when 
given by subcutaneous injection, may be amplified by esterification. This was 
shown by Miescher, Fischer & Tschopp (1938). They used groups of adrenal- 
ectomized rats as test objects, giving to each rat a single injection of 10 mg. of 
the compound to be tested. The results are indicated by comparing the average 
periods of survival in each group so treated (Table 202). 

Table 202. The effect of esterification on the capacity of deoxycorticosterone 

to maintain the adrenalectomized rat (Miescher, Fischer & Tschopp, 1938) 

Days of survival after 
Compound injected one injection of 10 mg 

None (control) 6*5 

Deoxycorticosterone 9 

„ acetate 10 

„ propionate 1 1 

,, valerianate 13 

,, benzoate 20 

„ palmitate 25 

{a) Progestational changes in the uterus and effects on muscular responses. In the 
same paper these authors reported that deoxycorticosterone acetate in doses of 
less than 10 mg. will cause some degree of progestational change in the rabbit’s 
uterus. Van Heuverswyn, Collins, Williams & Gardner (1939) have confirmed 
this observation. Immature female rabbits were given daily doses of 8-3 or 20y 
of oestradiol benzoate for 6 days and then a single dose of deoxycorticosterone. 
In this way it was shown that 3 mg. of deoxycorticosterone had a progestational 
influence equal to that of 0-5 mg. of progesterone. Wells & Greene (1939) have 
obtained comparable results in the rabbit by the same method. Leathern & 
Crafts (1940) spayed six cats and removed the right adrenal from each at the same 
time. After ten daily injections of 0*033 mg. of oestradiol benzoate the left 
adrenal was removed, and the cats were then given daily doses of deoxycortico- 
sterone acetate ranging from 10 to 20 mg. After 5-9 days of this treatment all 
the cats showed a progestational endometrium comparable with that caused by 
progesterone. 

Tlobson (1939) Blade more extended observations. He found that deoxycorti- 
costerone acetate in doses of 5 to 10 mg. not only induced progestational pro- 
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liferation in the rabbit s endometrium but, like progesterone, inhibited in vitro 
and in vivo the response of the uterine muscle to pituitrin. Daily doses of 3 mg. 
of deoxycorticosterone acetate maintained pregnancy in mice after removal of 
the ovaries on the 14th day of gestation, and daily doses of 7*5 mg. maintained 
pregnancy in rabbits after removal of the pituitary or ovaries. 

Another feature which deoxycorticosterone shares with progesterone is its 
capacity to prevent the uterine bleeding which ordinarily follows the cessation 
of a supply of oestrogen given to a mature spayed monkey (Zuckerman, 1940). 

(b) Inhibition of oestrus and vaginal comijication. In the paper cited above 
Robson reports that daily doses of o-i or 0*2 mg. of deoxycorticosterone acetate 
inhibit oestrus in the mouse and cause mucification of the vaginal epithelium. 
Deoxycorticosterone also prevents comification of the vagina under the influence 
of oestrone. Salmon (1939) found that deoxycorticosterone in doses ranging 
from 0*1 to 0^5 mg. had no cornifying effect on the rat’s vagina. On the other 
hand 5 or 10 mg. of deoxycorticosterone acetate given 3 times a week to ten post- 
menopausal women, whose vaginae gave typical oestrogen deficiency smears, 
caused in all at the end of 8 days a full oestrogenic effect. . 

(c) Copulation, Van Heuverswyn, Collins, Williams & Gardner (1939) 
demonstrated that deoxycorticosterone causes another effect which is induced 
also by progesterone, namely the copulatory reflex in guinea-pigs. They gave 
I mg. of deoxycorticosterone to each of ten spayed guinea-pigs 24 hours after 
they had received 50 i.u. of oestrone. Six of the ten guinea-pigs treated in this 
way showed a copulatory response after an interval averaging 7*3 hours. Com- 
parable results have been obtained in guinea-pigs by Torstveit & Mellish (1941), 
who used an extract of adrenal cortex ‘ containing the life-maintaining principle’. 

(d) Lactation^ mammary development and function. Lactation ceases after 
adrenalectomy, but Brownell, Lockwood & Hartman (1933) say that after this 
operation lactation may be maintained in rats by giving an extract of adrenal 
cortex. They tested two different extracts and found that one of these (‘Corjtm’) 
was able to support life but did not enable the rats to lactate. The other extract, 
when given in addition to cortin, permitted lactation. Experiments of another 
kind have revealed an influence of the adrenal cortex over lactation. Nelson & 
Gaunt (1936) found that a purified lactogenic extract of the pituitary, unlike crude 
pituitary extracts, will not by itself cause lactation in the hypophysectomized 
guinea-pig, but it will do so if adrenal cortical hormones are given in addition. 
This observation has been confirmed by Gomez & Turner (193^ ^5 ^)* Nelson 
& Gaunt (19376) carried their earlier observations a stage further. They caused 
full development of the mammary glands in male and female guinea-pigs by the 
daily administration of 30 r.u. or more of oestrone for not less than i month. In 
these guinea-pigs they found that (i) a lactogenic pituitary extract would not 
start lactation after hypophysectomy unless adrenal cortical hormone were given 
in addition, whereas (2) a crude pituitary extract alone induced lactation. They 
concluded that the factor missing from the purified lactogenic extract and present 
in the crude extract was probably adrenocorticotrophin. Further tests seemed to 
prove the correctness of this assumption, because either galactogen and adreno- 
corticotrophin or galactogen and adrenal cortical extract were shown to be 
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essential for milk formation. The question remained whether the influence of 
the adrenal cortex on lactation depended on its control over the metabolism of 
salt and water. After inducing full development of the mammae in guinea-pigs 
as before with oestrone, Nelson & Gaunt (1937&) performed hypophysectomy 
and then gave the animals galactogen together with copious supplies of sodium 
chloride and water; all the guinea-pigs treated in this way lactated. If, however, 
guinea-pigs in addition to the treatment just mentioned were deprived of their 
adrenals lactation, though detectable, was never normal in amount. 

Adrenal hormones do not appear by themselves to act as galactogens, for 
Hurst, Meites & Turner (1942) tested several adrenal cortical extracts on the 
pigeon’s crop-gland and failed to obtain evidence of prolactational activity. 

It might be permissible here to revert to a perpetual difficulty in the interpre- 
tation of results obtained with hormones, a difficulty exemplified by the various 
experiments just described, (i) The isolation of individual pituitary trophins 
in a pure state has not yet been achieved; only approximations to purity have 
been attained. Therefore when we talk of the injection of galactogen, adreno- 
corticotrophin or gonadotrophin, we cannot ignore the possibility that other 
trophins may be present if only in traces. (2) The overlapping of the effects of 
different hormones has to be considered; in the experiments now being con- 
sidered the extent to which corpora lutea can act as substitutes for the adrenal 
cortex has to be borne in mind. (3) The mutual co-operations and antagonisms 
of the various hormones may be controlling factors in any result obtained by 
their use ; for example, the consequences of giving progestin may depend upon 
whether the administration is or is not preceded or accompanied by oestrone in 
some particular relative proportion. Other complexities might be quoted, but it 
would be wearisome. Reference has been made to the matter here only because 
the type of experimental work under discussion affords a good example of a 
difficulty by which the investigator of sex hormones is perpetually opposed. 

After this digression we may return to our original train of thought, and con- 
sider some effects, apart from lactation, which adrenal hormones exert upon the 
mamma. It has been found by Van Heuverswyn, Folley & Gardner (1939) that 
deoxycorticosterone brings about development of the mamma in both normal and 
castrated male mice. The method used was to administer by subcutaneous injec- 
tion 0*5 mg. of deoxycorticosterone acetate dissolved in oil every other day for 
16 days. Chamorro (1940) has confirmed this observation, but finds that deoxy- 
corticosterone has no effect on the mamma in the absence of the pituitary. These 
results are of interest in connection with gynaecomastia as an occasional accom- 
paniment of adrenal tumours, and of the therapeutic use of corticosterone in man. 

Apparently both adrenosterone and corticosterone will cause enlargement of 
the nipple in the male guinea-pig (Jadassohn, Uehlinger & Margot, 1938) — 
a biological ability which they share with several androgens and oestrogens. 

Androgenic effects. The capacity of the adrenal cortex to cause androgenic 
effects is recognized, and specific androgens have been isolated from adrenal 
•extracts (p. 163). Whether corticosterone or its congeners share in producing 
these effects is doubtful. Hooker & Collins (1940) tested a synthetic deoxycorti- 
costerone acetate on capons and castrated rats and mice and found that doses of 
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2 mg. given on 5 successive days caused comb growth in the capon, and daily 
doses of I mg. maintained to some degree the weights of the prostate and seminal 
vesicles of the castrated rat. Similar effects were produced in mice by daily doses 
of 0*25 and 0*5 mg. Other experimenters have obtained contrary results. Greene 
& Burrill (1940 <2) did not find any signs of prostatic stimulation in castrated rats 
which had been given daily doses of 2*5 mg. of deoxycorticosterone for 8 days; 
Chamorro (1940) and Paschkis (1941) also failed to observe androgenic effects 
after giving deoxycorticosterone to castrated rats, mice or to capons. Probably 
we shall not err in ascribing the masculine features of adrenal virilism to the 
excessive production of specific androgens rather than to deoxycorticosterone. 

Riddle (193?) has made an observation which suggests that the adrenals may 
supply enough androgen to maintain masculine behaviour in the absence of testes. 
He examined sixteen adult pigeons or doves in which no gonads could be found 
although the birds displayed male behaviour equal to that of those with functional 
testes. \ 

Adrenal Virilism and Feminism 

The term ‘ virilism ’ is now so generally applied to the androgenic effects of adrenal 
overactivity in women that it is perhaps too late to expect a better one. The term 
is bad because in the adult excessive adrenal activity does not necessarily convey 
psychological implications. The woman who grows a beard may have quite 
as gentle and feminine a mind as her normal sister, although in children the 
condition may be accompanied by an unusual mentality. 

Objection can be made also against the term Teminism’ as applied to the 
manifestations of adrenal overactivity in men; impotence, though a common 
symptom of the condition, is hardly to be regarded as a feministic phenomenon. 

These preliminary remarks have been made to free the writer, and possibly the 
reader, from confused thinking, and to justify the use of the condemned words in 
the following pages on the ground that they have become established by custom. 

Etiology, The symptoms of adrenal virilism and feminism are caused by an 
excessive production of androgen or oestrogen by the adrenal. Such an excess 
may accompany (i) an alteration of adrenal function without naked-eye changes 
in the gland, (2) simple hyperplasia, or (3) neoplasia of the adrenal. Beyond 
this point the etiology has not yet been traced; the pituitary may be suspected 
of taking some part in the causation. 

Though virilism may be present without any very obvious change in the 
adrenals, Broster & Vines (1933) have described a staining reaction founded on a 
special affinity of the adrenal cortex in cases of virilism for fuchsin. In cases of 
virilism, whether hyperplasia is or is not present, the fuchsinophilia is most pro- 
nounced in the reticular zone, less marked in the fasciculate zone and least in the 
zona glomerulosa. If symptoms of virilism have been present, a cortex of normal 
size, they say, will give a positive response to their method of staining with fuchsin. 
Vines (1938) examined thirty-four adrenals removed by operation on account of 
virilism and all these glands showed fuchsinophilia. The weights of the glands 
varied from 2-3 to 25 g., the mean weight being S-i g., and 52 per cent fell within 
normal limits, namely between 4 and 7 g. Broster & Vines (see also Vines, 1938) 
have observed this staining reaction in the adrenals of the normal human foetus, 
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where it is present for a shorter period and in a less pronounced degree in the 
female than in the male (Table 203). Their findings in this respect possibly may 
be correlated with the increased output of androgen which accompanies preg- 
nancy. 

Table 203. Fuchsinophile staining of the adrenal cortex in the 
human male and female foetus (Broster & Vines, 1933) 

Number showing fuchsinophile 
Number staining of adrenal cortex 


Age of foetus 
in weeks 

Male 

Female 

Male 

Female 

7~io 

3 

2 

I 

0 

10-14 

4 


4 

3 

14-20 

4 


4 

2 

Full term 

6 



0 


Carnes (1940) assayed for their androgen and oestrogen content the adrenals 
of twenty still-bom and newborn babies, the gestation periods having ranged 
from 18 to 40 weeks. The tests were made by applying extracts of the glands 
directly to the combs of day-old chicks. In no instance was any androgen 
revealed. 

Goormaghtigh (1940) has investigated the relationship between cytology and 
function in cases of adrenal tumour, and he concludes that virilizing tumours 
contain siderophile and fuchsinophile granules, whereas these are absent from 
feminizing tumours and tumours which do not produce endocrine effects. The 
cytology of a virilizing adrenal tumour, he says, may closely resemble that of an 
active corpus luteum, and it appears to him that the juxtamedullary cells of the 
adrenal cortex and the luteal cells have features in common, including sidero- 
philia and fuchsinophilia. 

Sudds (1940), having demonstrated fuchsinophile granules in three adrenal 
tumours which had been associated with virilism, made an inquiry into the 
frequency with which fuchsinophilia might be detected in the adrenal apart from 
symptoms of endocrine disturbance, and he found that the characteristic granules 
were present in the adrenals of 24 per cent of the adult males and 28 per cent of 
the adult females. In females the granules showed a steady increase with ad- 
vancing age ; and the same was true to a less extent in males. They were not found 
in either sex before the age of 24 years (Table 204). 

Table 204. The presence of fuchsinophile granules in the adrenal cortex 
of men and women at various ages (Sudds, 1940) 

Percentage of cases in which fuchsinophile 
granules were present 


Age in years 

Male 

Female 

0-20 

0 

0 

20-30 

12*5 

22 

30-40 

33 

^3 

40-50 

38 

28 

50-60 

30 

42 

60-70 

34 

45 

70-80 

50 

50 


The hormonal disturbances caused by adrenal abnormalities. The adrenals pro- 
duce numerous hormones, and it is not surprising that disorders of these glands 
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may bring about various effects in the host, nor that several different hormonal 
compounds have been identified in the urine of patients with overactive, hyper- 
plastic or neoplastic adrenals. 

When a patient displays signs of virilism a biological excess of androgen may 
be expected in the urine. On the other hand, adrenal tumours may cause an 
excessive output of oestrogen, in which event the features of the disease may 
correspond with the effects known to be caused by this type of hormone. In the 
urine of two women with adrenal carcinoma Frank (1934) found a large excess of 
oestrogen, and Burrows, Cook & Warren (1936; see also Burrows, Cook, Roe & 
Warren, 1937) n12.de the same observation in a case of adrenal carcinoma in a man. 
In the latter case an assay of the urine yielded 3,000 i.u. of oestrogen, probably 
oestrone, per litre. In addition an androgen was isolated and identified as A®'®- 
androstadiene-iy-one. Other cases are on record in which the presence of an 
adrenal tumour has been accompanied by an increased output of both androgen 
and oestrogen in the urine; in this event the symptoms probably will depend on 
the relative amounts and biological activities of the compounds which are present. 
Examples of a simultaneous increase in the output of androgen and oestrogen by 
patients with adrenal tumours are given in Table 205, which has been abstracted 
from a paper by Dingemanse & Laqueur (1938); from the figures given it will be 
seen that oestrogen preponderated in the male and one of the females while in 
the other female androgen was in excess. 

Table 205. Excretion of sex hormones by patients with adrenal tumour 
(Dingemanse & Laqueur, 1938) 

Hormones excreted given as international 
units per litre 

Gonadotrophin 

Case Sex Androgen Oestrogen (LH) 

I Female i,ooo 13 >000 400 

2 . Female 2,200 100 Less than 400 

3 Male 600 1,000 Less than 80 

The number of sterones and allied substances which have been isolated and 
identified from patients with adrenal disease is already large. This fact suggests 
the need of a greater provision than we possess at present for chemical investiga- 
tion of the urine in cases showing evidence of hormonal disturbance of any kind. 
Hormones are very potent agents and small amounts may have great effects. To 
obtain from one patient enough material for analysis and identification, a large 
amount of urine must be extracted, and if this extraction is to be done rapidly 
and effectively special chemical facilities and machinery must be available. 

Variations of symptoms in adrenal disease. As mentioned above, the adrenals 
produce many different hormones, and when they are overactive in a pathological 
sense, the symptoms which arise in each case will depend on the particular kind 
of hormone which predominates. Clinically it is recognized that in women and 
in children of either sex overaction of the adrenal cortex usually, though not in- 
variably, brings about what is described as virilism. The chief symptoms m such 
cases are attributable to an excessive supply of androgen, and in the adult woman 
include a thickening of the skin with hypertrophy of the cutaneous structures. 
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Acne is apt to occur and the distribution of hair becomes like that in the male, 
outstanding features being its coarseness and copious growth on the face. The 
distribution of fat over the body also assumes that of the 'male. Amenorrhoea 
may be an additional accompaniment. When the disease occurs in early life the 
elfects may be still more striking, especially in girls. The voice becomes gruff, and 
the face bearded, there may be an absence of the lower end of the vagina, the 
clitoris is enlarged, and the general muscular system becomes precociously de- 
veloped. Additional symptoms appear and are such as may be ascribed to an 
abnormally abundant supply of androgen. 

Although the cause of virilism of the kind now under consideration is an 
overactivity of the adrenal in producing androgen, this excessive action is not 
necessarily associated with an increase in the size of the gland, though some 
enlargement is present in most cases. 

In men a pathological degree of virilism is not often seen. Perhaps it occurs 
but is overlooked. With adrenal tumours in men the usual hormonal disturbance 
seems to be an excessive production of oestrogen, and the symptoms include an 
absence of libido, impotence with* atrophy of the testicles, and a diminution in 
the size of the penis. There may be some tendency to obesity. Gynaecomastia, 
sometimes with pigmentation of the areolae, has been present in many cases 
(Holl, 1930; Lisser, 1936). 

Inactivation of Deoxycorticosterone by the Liver 

Much has yet to be learned about the metabolism of the adrenal steroids. 
Probably their fate resembles that of the gonadal hormones. The liver certainly 
seems to take part in their inactivation, for Burrill & Greene (1942 a) found that 
pellets of deoxycorticosterone, when implanted into the mesentery so as to be 
submitted almost at once on their solution to hepatic action, lose much of their 
power, as compared with similar pellets implanted subcutaneously, to maintain 
life in animals after adrenalectomy. 
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A-Z test 

Aschheim-Zondek test for pregnancy 

i.u. 

International unit 

FRH 

Follicle ripening hormone (synonymous 

m.u. 

Mouse unit 


with FSH) 

r.u. 

Rat unit 

LH 

Luteinizing hormone 

rb.u. 

Rabbit unit 

ICSH 

Interstitial cell stimulating hormone 

c.u. 

Capon unit 


PROPRIETARY SEX HORMONE 
PREPARATIONS AND SYNONYMS 


A. TROPHINS 
ADRENOCORTICOTROPHIN 


Corticotrophin 


RAW MATERIAL 
Ox pituitaries 

GONADOTROPHIN 


FIRM 

Organon Laboratories 


BIOLOGICAL 

SOURCE RAW MATERIAL 


FIRM 


Ambinon 

Antex 


Pituitary 

Pituitary 


Antostab 
Antoxylin S 
Antuitrin S 


Pituitary 

Placenta 

Placenta 


Atregone Placenta 

Follutein Placenta 


Gestyl 

Glanduantin 

Gonadotraphon 


Pituitary 

Pituitary 

Pituitary 


Gonadotraphon S Placenta 


Gonadyl Pituitary 

Gonan Placenta 


Hebin Pituitary 

Luteo-antin Pituitary 

Phyostab Placenta 

Pregnyl Placenta 


Pig pituitaries 

Pregnant mare serum^ 

Pregnant mare serum* 

Pregnancy urine 

Human pregnancy 
urine 

Human pregnancy 
urine 

Human pregnancy 
urine 

Pregnant mare serum* 

Ox or sheep pitui- 
taries 

Human pregnancy 
urine 

Pregnant mare serum* 

Human pregnancy 
urine 

Sheep pituitaries 

Pregnant mare serum* 

Human pregnancy 
urine 


Organon Laboratories 
LoIJ’ens kemische 
Fabrik 
Boots 
Oxo 

Parke Davis & Co. 
Abbott Laboratories 


Organon Laboratories 
Richter 

Paines & Byrne 

Paines & Byrne 

Roussel Laboratories 
British Drug Houses 


Richter 

Boots 

Organon Laboratories 


Prolan 

Serogan 


Placenta 

Pituitary 


Pregnant mare serum=^ 


Bayer Products 
British Drug Houses 


The supposed origin of the gonadotrophin found in the.^sfafn of pregnant mares has 
recently been questioned. 
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GALACTOGEN, GALACTIN, LACTOGEN, PROLACTIN 


Physolactin 

Prolactin 

Prolactin 


BIOLOGICAL 

SOURCE RAW MATERIAL 

FIRM 

Pituitary 

Glaxo Laboratories 

Pituitary 

Organon Laboratories 

Pituitary 

Allen & Hanburys 


B. ADRENAL AND GONADAL HORMONES 


ADRENAL CORTICAL HORMONES 


Cortigen 

Cortin organ 

Cortiron 

D.O.C.A. 

Eschatin 

Eucortone 

Percorten 

Sapracort 

Syncortyl 


IDENTITY 

Extract of adrenal cortex 
Extract of adrenal cortex 
Deoxycorticosterone 
Deoxycorticosterone acetate 
Extract of adrenal cortex 
Extract of adrenal cortex 
Deoxycorticosterone acetate 
Extract of adrenal cortex 
Deoxycorticosterone acetate 


FIRM 

Richter 

Organon Laboratories 
Schering 

Organon Laboratories 
Parke Davis & Co. 
Allen & Hanburys 
Ciba Co. 

Paines & Byrne 
Roussel Laboratories 


ANDROGENS 


Androfort 

Neo-hombreol 

Neo-hombreol (M) 

Oreton 

Perandren 

Proviron 

Sterandryl 

Testoviron 

Virormone 


IDENTITY 
Androsterone 
Testosterone propionate 
Methyltestosterone 
Testosterone propionate 
Testosterone propionate 
Androsterone benzoate 
Testosterone propionate 
Testosterone propionate 
Testosterone 


OESTROGENS 


Amniotin 

Benzo-Gynoestryl 

Clinestrol 

Dimenformon 

benzoate 

Dimenformon 

dipropionate 

Folliculin 

Glandubolin 

Menformon 

Ovendosyn 

Ovocyclin 


IDENTITY 

Oestradiol benzoate 
Stilboestrol 
Oestradiol benzoate 

Oestradiol dipi;opionate 

Oestrone ‘ 

Oestrone 

Oestrone 

Stilboestrol 

Oestradiol 


FIRM 

Richter 

Organon Laboratories 
Organon Laboratories 
Schering Corporation 
Ciba Co. 

Schering Kahlbaum 
Roussel Laboratories 
Schering 
Paines & Byrne 


FIRM 

Squibb 

Roussel Laboratories 
Glaxo Laboratories 
Organon Laboratories 

Organon Laboratories 


Richter 

Organon Laboratories 
Menley & James 
Ciba Co. 
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Ovocyclin P 

Pabestrol 

Pabestrol D 

Progynoa 

Progynon B 

Stilboestroform 

Syntestrin 

Theelia 

Theelol 


IDENTITY 

Oestradiol dipropionate 
Stilboestrol 

Stilboestroi dipropionate 
Oestrone 

Oestradiol benzoate 

Biethylstilboestrol 

Stilboestrol 

Oestrone 

Oestriol 


FIRM 

Ciba Co. 

Paines & Byrne 
Paines & Byrne 
British Sobering Co. 
British Schering Co. 
British Drug Houses 
Richter 


PROGESTERONE 


IDENTITY 


FIRM 


Gestone 

Glanducorpin 

Lipo-lutin 

Luteostab 

Lutocyclin 

Lutogyl 

Lutren 

Progestin B.D.H. 
Progestin Organon 
Progestone 
Proluton 


Progesterone 

Progesterone 

Progesterone 

Progesterone 

Progesterone 

Progesterone 

Progesterone 

Progesterone 

Progesterone 

Progesterone 

Progesterone 


Paines & Byrne 
Richter 

Parke Davis & Co. 

Boots 

Ciba Co. 

Roussel Laboratories 
Bayer Co. 

British Drug Houses 
Organon Laboratories 
Camrick 

British Schering Co. 


ETHISTERONE 

(PREGNENINOLONE, ETHINYLTESTOSTERONE) 
IDENTITY 

Lutocyclin Oral Pregnenmolone 

Lutogyl tablet Pregneninolone 

Progestoral Pregneninolone 

Proluton C Pregneninolone 


FIRM 

Ciba Co. 

Roussel Laboratories 
Organon Laboratories 
Schering 
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JM 
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GLOSSARY 


Adrenocorticotrophin. A pituitary trophin, which governs the development and 
functional activity of the adrenals. 

Bird Unit- A unit of prolactin as tested on the pigeon’s crop gland (t?. International 
Units). 

Chorionepithelioma. A malignant growth of the foetal part of the placenta. 
A similar form of cancer occurs rarely in the testicle. 

Female Hormone. A crude synonym for oestrogen. 

Galactogen. A pituitary hormone which induces lactation. 

Gonadotrophin- A hormone which governs the development and functional activity 
of gonads : 

(a) Pituitary gonadotrophin is formed by the anterior lobe of the pituitary. 

(i) Placental or chorionic gonadotrophin is derived from placental tissue. 

International Units of Sex Hormonal Activity (as adopted by the Health Organiza- 
tion of the League of Nations). Standard preparations of each hormone were 
selected after extended inquiry, and the international units are based on them. 
The standard preparations of gonadal hormones are all chemically purified, 
crystalline compounds. By the use of recognized units the hormonal activity 
of a tissue extract or other unpurified preparation can be stated in terms of 
measured effect. 

Androgen. One international unit of androgenic activity is that exerted by 
100 y of the standard purified crystalline preparation of androsterone. This 
unit represents the minimum daily dose required to give an easily measurable 
response in the capon’s comb at the end of 5 days. 

Gonadotrophin : 

(a) Chorionic gonadotrophin. One international unit of this gonadotrophin 
prepared from human pregnancy urine is 100 y of the standard preparation. 
This quantity exerts the minimum activity required to cause cornification 
of the vaginal epithelium of the normal immature rat. 

ih) Gonadotrophin from serum of pregnant mare. One international unit of 
this gonadotrophin is 250 y of the standard preparation as shown by its 
capacity to induce morphological changes in the gonads or in the accessory 
reproductive organs in animals not deprived of their gonads. 

Oestrogen : 

(a) 0 estrone. One international unit of oestrone is the specific activity 

exerted by o-i y of the standard preparation, as shown by its capacity to 
induce cornification of the vaginal epithelium in the spayed rat or mouse. 
(This quantity represents approximately one-third of the original Allen & 
Doisy rat unit.) 



486 


GLOSSARY 


(b) Oestradiol benzoate. One international unit of oestradiol monobenzoate 
is the specific activity exerted by o*i y of the standard preparation as shown 
by its capacity to induce cornification of the vaginal epithelium in the spayed 
rat or mouse. 

(It is to be noted that although the weights of the international units of oestrone 
and oestradiol monobenzoate are identical this does not mean that these two 
, units have equivalent biological activities.) 

Progesterone. One international unit of progesterone is the specific progesta- 
tional activity of i mgm. of the standard preparation as shown by its capacity 
to induce a full progestational reaction in the endometrium of a normal 
immature rabbit of 600 g. after preparatory treatment with oestrogen. 

Prolactin. One international unit of prolactin is the specific activity contained 
in 100 y of the standard preparation, as shown by its capacity to iriduce 
functional activity of the pigeon’s crop gland. This unit is nearly the same 
as one Riddle unit. 

Male Hormone. A crude synonym for androgen. 

Pitocin, Pitressin, Pituitrin. Pressor hormones derived from the posterior lobe of 
the pituitary. 

Pregnancy tests : 

(a) Mouse test. Female infantile mice of 6 — 9 grams are the test objects, and 
0*5 c.c. of the urine to be examined is given to them subcutaneously twice 
a day for 3 successive days. The mice are killed 96 hours after the first injection. 
A positive response is shown by the presence of blood-spots or corpora lutea 
in the ovaries. The urine to be tested should be kept in the refrigerator, the 
doses being warmed just before injection. 

(h) Rabbit test. 5 c.c. of the urine to be examined are injected intravenously 
into mature virgin rabbits which are killed 24 hours later. A positive response 
is shown by the presence of one or more fresh corpora lutea which have rup- 
tured. 

Prolan. The gonadotrophin of pregnancy urine. The FRH factor is Prolan A and 
the LH factor is Prolan B. 

Trophin. A hormone which controls specifically the development and function of 
a particular structure in the body. The anterior lobe of the pituitary and the 
placenta are the main known sources. 
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{Attention is drawn to the special indexing of new growths which have been grcmjpedr 
together under the two headings of * Cancer* and ‘ Tumours*.) 


Absorption of horfnones, delayed, by copper 
salts, 74 if. 

in inflamed tissues, 74 ff. 

Accessory female reproductive organs, effect of 
adrenal cortical hormones on, 450 ff. 

— effect of androgens on, 184-90, 212-15, 

224-31 

— effect of oestrogens on, 289 ff., 302-25 . 

— effect of progestin on, 413-30 
Accessory male reproductive organs, castration 

atrophy of, prevented by androgens, 215 ff. 

— effect of adrenal cortical hormones on, 

452 ff* 

— effect of adrenocorticotrophin on, 164 

— effect of androgens on, 156 ff., 184-90, 196, 

21S-31 

— effect of oestrogens on, 289-94, 295-301 

— effect of progesterone on, 407 flf. 

— hypertrophy of, caused by androgens, 196, 
216 ff. 

Accessory reproductive organs, castration 
atrophy of, effect of oestrogens on, 295 

— co-operative effect of androgens and 
oestrogens on, 214, 217 ff., 295 

— development of, 176 ff. 

— differing effects of androgens on, 156, 217 ff. 

— effect of androgens on development of, 
i84ff. 

— effect of gonadotrophins on, ii ff., 18, 70 ff., 
203 ff. 

— effect of oestrogens on, 289-325 

— of castrated male, effect of androgens on, 
215 ff. 

— of castrated male, effect of oestrogens on, 295 

— permanent effect of androgen on, 189 
Acid phosphatase of prostate, androgens in 

production of, 218 
Acne, caused by androgens, 239 

— excretion of androgens and oestrogens in, 
240 

Activators of androgens, 131* ^ , » 

Adenoma and cancer of uterusT'SiS ff* ^ ‘ 

Administration of gonadal hormones, methods 
of, 123-34. See also Dosage; Hormones, 
gonadal, variations of responses to 
Adrenals, and gonads, comparison of functions 
of, 444 , 

— androgenic capacity of, 163 ff. 

— as source of androgens, 163, 452 ff. 

— atrophy of, after hypophysectomy, i, 
442 ff. 

— - brown degeneration’ of, 386 

— ^ changes in, after gonadectomy, 447 ff. 

during breeding season, 446 

during lactation, 447 


during oestral cycle, 446 ff. 

during pregnancy, 447 

— control of, by pituitary, 442 

— demarcation zone, see Adrenal demarcation 
zone 

— diminution of, caused by androgens, 233 

— effect of androgens on, 232 ff. 

— effect of castration on, 232 

— effect of cryptorchidism on, 232 

— effect of oestrogen on, 384 ff. 

— effect of progesterone on, 438 ff. 

— female and male, compared, 232 ff., 444 ff, 

— hypertrophy of, in boys and women, 163, 240 

— neoplasia of, 453 ff. 

— of casi^ted, cryptorchid and normal rat, 232 

— of spayed rat, effect of ^drogen on, 233 

— production of gonadal hormones by, 163, 

257, 391, 441 ff* 

— sexual function of, 163 ff., 440 ff. 

— weights of cortex and medulla of, 446 
Adrenal cortex, and corpora lutea, relationship 

between, 435 ff. 

— and pituitary, relationship between, 441 ff. 

— androgenic effect of, 452 ff. 

— at various ages, fuchsinophile granules in, 
453 ff* 

— atrophy of, after hypophysectomy, 442 ff. 
caused by hormones, 438 

— cancer of, see Cancer 

— cytology of, 386, 440 

after hypophysectomy, 442 ff. 

during oestral cycle, 446 

— deficiency of, effect of, 163 

effect of deoxycorticosterone on, 437 

— degeneration of, and mammary cancer in 
mice, 364, 386 

cytological changes in, 386 

— effect of pituitary disorders on, 442 

— effect of pituitary" extracts or implants on, 
44^ ff. 

— enlargement of, caused by castration, 232, 
447 ff. 

during pregnancy, 447 

in virilism, 163 

— histological effects of hypophysectomy on, 
442 ff. 

— hormones of, and gonadal hormones, 
similar effects of, 112, 143, 443 

control of, by pituitary", 441 ff. 

effect on excretion of water and electro- 
lytes, 1 12, 143, 444^ 

effect on gonads, 449 ff. 

— — effect on pituitary, 443 

— - — excessive production of gonadal types of, 
453 
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Adrenal cortex, hormones of, inactivated by 
liver, 456 

— hyperplasia of, caused by pituitary extract, 
441 

— hypertrophy of, after castration, 447 ff. 

— production of gonadal hormones in, 444 

— sex hormones of, 143 ff., 163 ff., 257, 391 ff., 
440—56. See also Appendix 

— sites of hormone formation in, 440 
Adrenal demarcation zone, 233, 440 

— in castrated rats, effect of androgen on, 333 
Adrenal disease, hormonal disturbances in, 

454 ff- 

Adrenal feminism, 453 ff. See also Masculine 
characters; Virilism 

Adrenal hyperplasia, see under Tumours 
Adrenal medulla, cytology of, 234, 445 ff. 

— effect of androgens on, 234, 445 
Adrenal tissue implants, masculine characters 

caused by, 163 

Adrenal tumour, see Tumours, adrenal 
Adrenal virilism, 453 ff. See also Masculine 
characters ; Masculinization 
Adrenal x zone, 233 ff., 440 ff. 

— cytology of, 234, 3^5> 444 ff- ^ 

— during pregnancy, 438 ff., 445 

— effect of androgens on, 233, 445 

— effect of gonadal hormones on, 385 ff., 445 

— in castrates, 445 

— in mice, 444 ff. 

Adrenalectomy, and atrophy of gonads, 447 ff. 

— during pregnancy, survival after, 435 

— effect on castrated rats, 164 

— effect on ovary, counteracted by adreno- 
cortical extract, 448 ff. 

— effect on pituitary, 69, 94,' 443 ff., 448 ff. 

— effect on production of gonadotrophin, 

443 ff-. 448 ff. 

— effect on production of pituitary FRH, 
443 ff-j 44^ ff- 

~ effect on testis, 449 

— survival after, effect of corpora lutea on, 436 

effect of hormone esters on, 450 

effect of oestrogen on, 388 

effect of pituitary implants on, 435 ff. 

effect of progesterone on, 336, 435 ff. 

Adrenaline, formation of, effect of androgen 
on, 234 

— in adrenal medulla, 234 
Adrenocorticotrophin, effect on accessory .re- 
productive organs, 164 ff., 441 

— effect on adrenal cortex, 438, 441 ff. 

— effect on adrenals, 441 ff. See also Glossary 

— effect on androgen production, 441 

— origin of, in pituitary, 164, 441 

— production of, by pituitary, influenced by 
adrenal cortical hormone, 443 

— source of, in commerce, see Appendix 
Adrenosterone and androsterone, comparison 

of, 163 

Aetiocholane-3(a)-ol-i7-one, from testosterone, 
165, 167, 173 

— in normal adult’s and eunuch’s urine, 172, 

175 

— structural formula, 103 


Aetio<3//ocholanol-3(jS)-i7-one, from testoste- 
rone, 167 

Amblystoma maculatum, sex reversal in, 183, 
271 ff. 

— punctatum, sex reversal in parabiosis of, 181, 
271 ff. 

effect of androgen on, i 82 ff. 

— tigrinum, sex reversal in, 181, 271 ff. 

Ampullary glands, effect of oestrogen on, 300 

Anaesthesia induced by gonadal hormones, 147 

Androgenic action by extraneous hormone, 165 

Androgenic potency, of ovarian grafts, 161 

— order of, and methods of test, 199, 301 

— statements of, 157 

Androgens, abnormal excretion of, 103 ff., 160, 
172 ff. 

— action of, gradients of responsiveness to, 
136 ff., 15s ff. 

gradients of responsiveness to, effect of 

quantity, 155 

gradients of responsiveness to, individual 

differences, 157 

gradients of responsiveness to, localized 

within an organ, 155 

gradients of responsiveness to, seasonal 

factors, 157 

gradients of responsiveness to, species 

difference, 156 

— action on reproductive organs after their 
complete differentiation, 191-206 

— action on reproductive organs before their 
complete differentiation, 176-90 

Androgens and oestrogens, dosage effects of, 
218 

— excretion of, in men and women, 264 ff. 

— similar effects of, 108 ff., 1 1 1 

Androgens and progesterone, similar effects of, 

109, III 

Androgens, biological tests of, 155 

— bisexual source of, 107 

— bitterling test of, 143, 155, 165 

— comparison of, in stimulation of mammary 
ducts, 230 

— comparison of testicular and urinary, 156 ff,, 
165 ff., 217 

— conversion of, into oestrogen in vivo^ 103, 
167 ff., 257, 264 

— definition of, 152 

— different ways of action of, 176 

— distribution of, in the body, 157 ff. 

— distribution of responses to, 156 

— effect on accessory reproductive organs, 
156, 184-90, 207-31 

— effect on breeding animals, 145 ff. 

— effect on capons and hens, 107, 153 ff. 

— effect on capon’s comb, 154, 224 

— effect on castrated males, 107, 146, 243 

— effect on cytology of pituitary, 89 ff. 

— effect on embryo chicks, 185, 188, 272 

— effect on embryonic ovary, 176 ff., 191 ff., 
272 

— effect on excretion of oestrogen, 103, 167, 
264 

— effect on female characteristics, 146, 176 

— effect on female embryo, 226 
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Androgens, effect on fowls’ e§gs, 109, 113 

— effect on gonads, 176 ff., i9i“2o6, 272 

— effect on gonads before and after hypo- 
physectomy, 198 ff. 

~ effect on gonads of embryo chicks, 185, 
272 

— effect on growth of embryonic male acces- 
sory reproductive organs, 148 ff. 

— effect on immature males, 146 ff. 

— effect on immature ovary, 176 ff., 191 ff. 

— effect on incompletely differentiated ovary, 
178 ff. 

— effect on lactation, 23 1 

— effect on ovaries after their differentiation, 
183 

— effect on ovary, 113, 178 ff., 186 ff., 191 ff. 

— effect on ovary of prolonged treatment with, 
193 ff. 

— effect on pituitary, 55 ff-, 89 ff., 196, 198, 217 

— effect on pituitary FRH and LH, 176 

— effect on pregnant mice, 189 

— effect on primitive gonadal cells, 148 

— effect on sex of larvae, 183 

— effect on spermatogenesis in hypophy- 
sectomized animals, 198 ff. 

— effect on supply of pituitary gonadotrophin, 
176, 196 

— effect on testis, 183 ff., 217 

— effect on vagina of freemartin, 189 

— effect on vagina of immature rat, 190 

— effect on various tissues and organs, 155 ff., 
232-50 

— effect on vestigial female prostate, 217 

— estimation of activity of, 117 

— excretion of, 165-75 

after oophorectomy in women, 1 63 

after spaying, 172 

and individual variations, 169 ff. 

by castrates, 173 ff. 

during menstrual cycle, 17 1 

during pregnancy, 165, 439 

effect of oestrogen on, 168 

in Addison’s disease, 1 74 

in adrenal tumours, 103, 163, 173, 453 ^- 

in altered form, 165 ff., 172 

in blondes and brunettes, 172 

in castrated rats, i73 

in cryptorchids, 173 ff- 

. in eunuchoids, 173^* 

in eunuchs, 160, 172 ff. 

— • influence of age on, 169 ff. 

in gynaecomastia, 174 

in milk during lactation, 168 

in normal adults, 160, 167-75, 264 

in tumour of interstitial tissue of testis, 

160 

in women, 160-72 

— feminizing action on genetic males, 113 

— follicle-stimulating effect of, 191 ff. 

— from adrenals under influence of adreno- 
corticotrophin, 164, 441 

— from bull’s testis, 165, 392 

— functions, metabolism and sources of, loi, 
1 52-75 

— gestational, and adrenal ^ zone, 438 ff. 
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— gonadotrophic action on ovary, 191 ff. 

— gonadotrophic action on testis, 198 ff. 

— gonadotrophic effect of, in pituitary de- 
ficiency, 201 

— human placenta as source of, 165 

— inactivation of, 165 ff. 

in liver or kidney, 166 ff., 175 

— induction of ovulation by, no 

— influence of, on behaviour, 147, 173 

— in intra-uterine life, 168 

— ^‘in maintenance of accessory reproductive 
organs, after hypophysectomy, 200 ff. 

— in maintenance of spermatogenesis after 
hypophysectomy, 199 ff. 

— international unit of, 99, 155. See also 
’Androgens, units of measurement of; 

Glossary 

— in testes of foetal bulls, 1 68 

— in women’s urine, source of, 1 72 

— 17-ketosteroids, in urine of adults, 171, 

174 ff; 

-T location of, in testis, 157 ff. 

— masculinizing effect on females, 109, 113, 
146 

— oestrogens and progestin, similar action of, 
109, III 

— of differing potency, 165 ff. 

— of non-gonadal origin, 163 ff. 

— permanent and transient effects on repro- 
ductive organs, 176, 191 ff. 

— physiological effects of, 152 ff. 

— prenatal effect on organs, 1 76 ff. 

— prenatal treatment with, effect on offspring, 
i86ff. 

— preparations of, effects on prostate, 217 

— production of, by female and male gonads, 
107, 157 ff. 

controlled by pituitary, 172 

effect of pituitary' gonadotrophin on, 12, 

159 

effect of sterilization by X-rays on, 159 

in adrenals, 163 

increased by cooler temperature, 84 

in female, 105 ff. 

influence of pituitar>' on, 172 

in interstitial glandular cells of testis, 

158 ff. 

in male embryo, 177 

in ovarian graft in castrated male, 106 

in ovary', 105 ff., 160 ff. 

in ovary' grafted in male, 106, 16 1 

in partly spayed females, 106 

in testis, 157 ff. 

in vitro, from oestrogen, 103 

— progestational action of, 109 ff,, 319 

— pure preparations of, 154 

— reduced potency of excreted, 165 ff. 

— reversible effects of, on reproductive organs, 
191 

— review of, 152-75 

— rich sources of, 134, 165 

— separation of, from bull’s testis, 154 

— sites of inactivation of, 166 

— sources of, in commerce, see Appendix 
in women, 172 ff. 
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Androgens, sources of, within the body, 157 ff. 

— storage of, in the body, 165 

— structural formula of, 102 ff. 

— syntheses of, 1 54 

— testicular and urinary, different properties 

of, 156, 217 

— transformation of, in vivo, before excretion, 
165 ff. 

^ — transmission of, to infant, during lactation, 
168 

— treatment with, as cause of virilism, 208 

— treatment with, during pregnancy, effect on 
offspring, 189 

— typical actions of, on the reproductive 
organs, 176. See also Testicular extracts-; 
Testosterone 

— xmits of measurement of, 99, 155, 157, 
174 n. See also Glossary 

A® ■®-Androstadiene-i7-one, derived from ad- 
renal carcinoma, 163 

Androstenedione, comparison of, with andro- 
sterone, 156 

-Androstenedione, structural formula, 100 
A^-Androstenedione, structural formula, 100 
A®-Androstene-3 : 17-diol, structural formula, 
100 

woAndrosterone, 163 

Androsterone, comparison of, with testo- 
sterone, 156 ff., 217 

— effect on embryonic gonads, 182 

— effect on pituitary of castrated rats, 56 

— from testosterone in vivo, 167 

— in development of vestigial glands, i88 

— in eunuch’s urine, 172, 175 

— in normal adult urine, 172, 175 

— in production of intersexes, 182 

— in urine of spayed women, 172 

— isolated from urine, 154 

— structural formula and source, 1 02 

— synthesis from cholesterol, 1 54 

Anolis carolinensis, effect of androgen on, 1 1 3 
Antagonism of hormones, androgen versus 
oestrogen, iii, iipff. 

— androgen versus progestin, 123, 150 

— disproportionate dosage in, 119 

— effect of proportions in, 122 

— gonadotrophin versus testosterone, 121 

— oestrogen versus progestin, 122, 148, 414!?., 
421, 427 ff., 433 

— oestrogen versus testosterone, 210 

— to pituitary supply of gonadotrophin, 51-9, 
119 ff. 

Antagonism or co-operation as effect of dosage, 
433 

Antagonisms of gonadal hormones, 115, i i8ff., 
132, 426 ff. See also Antigonadotrophic 
reactions 

Antibodies, against foreign proteins, 76 ff. 
Antibody, formation of, effect of oestrogen on, 

383 ff. 

— to human gonadotrophin, 78 
Antigonadotrophic action, see Antigonado- 
trophic reactions 

Antigonadotrophic properties in animals in- 
duced by homogenic material, 82 ff. 


Antigonadotrophic reactions, 51 ff., 76 ff., 136 

— and foreign proteins, 78 ff. See also Anti- 
gonadotrophic sera 

— criticism of, 78 
Antigonadotrophic sera, 77 ff. 

— polyvalent, 77 

— production of, by gonadotrophic extracts, 80 
Antigonadotrophic serum, globulin fraction of, 

Antigonadotrophin, absence of, in parabiosis, 

83 , ’ . 

Antigonadotrophins, 78 ff. See also Anti- 
gonadotrophic reactions; Gonadotrophins, 
antibodies of 

— and protein antibodies, 76 ff. 

Antihormones, 79. See also Antigonado- 
trophins and protein antibodies 

Antisexual factor in young animals, 72 
Antlers, growth of, influenced by gonadal 
hormones, 139 

Areola, pigmentation of, in adrenal tumours of 
men, 456 

Arrhenoma and ovarian androgen, 162 ff. 
Aschheim-Zondek pregnancy test, 5, 7 ff. 

— abnormal results with, 323 
Augmentation, of gonadal hormones, 118, 136 

— of gonadotrophic action, 1 1, 15 ff-, 130, 283. 
See also Synergism 

— ofLH by FRH, 11,63, 74 

— of placental by pituitary gonadotrophin, ii, 
63 ff., 74 

— of response to FRH, by albumin, 16 
by LH, 16, 74 

by reagents, 16 

— test for LH, 1 6 

Axolotl, larval, gonadal foimation in, 177 ff. 

Balanitis, caused by oestrogen treatment, 291 
Basophile cells in pituitary, 85-95 
Behaviour, feminine, effect of sex-hormones on, 
144 ff. 

— masculine, effect of sex hormones on, 
144 ff., 158 

— parental, influence of hormones on, 144 ff. 

3 : 4-Benzpyrene, as cause of pituitary tumour, 

279 

Bile ducts, effect of oestrogens on, 377 
Bird song, effect of androgens on, 145 ff. 

Bird unit, see Glossary 

^Bisexual’, term criticized, 102, 1 13 ff. 

Bisexual hormonal activity, 102, 113 ff. 

Bitterling test, 143, 155, 165 

Bladder, distension of, caused by oestrogen, 

325 

Blood, effects of oestrogen on, 379 ff. 

Blood, arterial, lack of, in skin of eunuchs, 
remedied by androgen, 249 
Blood cells, red, see Erythrocytes 
Blood pressure, effect of oestrogen on, 381 

— unaffected by testosterone, 249 

Blood sugar, decrease of, caused by testo- 
sterone, 237 

— increase of, caused by oestrogens, 377 ff. 
Bodyweight, 244 ff. 

— effect of androgen on, 246 ff. 
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Bodyweight, effect of gonadectomy on, 244 ff. 
~ effect of interchange of gonads on, 368 

— of castrated animals, effect of androgen on, 

24s 

— of eunuchs and eunuchoids, 246 
Boiling, inactivation of hormones by, 2 
Bones, growth of, 241 ff. See also Calcification ; 

Skeleton 

effect of castration on, 243 

effect of hypogonadism on, counteracted 

by androgen, 244 

effect of oestrogens on, 120, 149, 242 ff., 

370 ff. 

effect of oestrogen on, .counteracted by 

androgen, 120 

in castrated male, effect of androgen on, 

in gonadectomized animals bearing 

gonadal grafts of opposite sex, 243 
Bones, size of, 242, 370 ff. 

Bothrops jararaca^ corpora lutea in, 398 
Breeding, seasonal, and androgen from inter- 
stitial tissue of testis, 158 

and effect of androsterone on resting 

males, 201 

and gonadotrophin in off-season, ii, 30 

^ and gonad-pituitary relationship, 85 ff. 

and pituitary gonadotrophin, 30, 72 ff., 

85 ff. 

and pregnancy-urine gonadotrophin, 27 

and production of new gland in testis of 

Triton cristaiuSy 158 
and puberty, 30 

and response to gonadal hormones, 97 

and size of gonads, 30 

changes in adrenals in, 446 

effect of androgens on, 146, 162 

• effect of gonadotrophin on, 27, 30 

effect of prolan in resting stage of, 202 

external characteristics of, 152, 241 

gonad development in, 27, 41 

of ground squirrel, 72 ff., 85 ff. 

pigmentation in, 162 

artificially produced by androgens, 

162 

pituitary activity in, 30, 73, 85 ff. 

plumage related to testicular androgen 

in, 241 

variations in, 41, 85 

— See also Pituitary, cytology of, in breeding 
season 

Calcification of bones, effect of oestrogen on, 
120, 149, 242, 370 ff. See also Bones, growth 
of 

Calliphora^ corpus allatum of, 21 

CANCER: see also Tumours 

Adenocarcinoma of uterus, caused by 
oestrogen, 313 ff. ^ 

Adrenal carcinoma, excretion of A • - 
androstadiene-17-one in, 163 

— excretion of oestrogen in, 103, 163, 257> 
455 

— excretion of pregnanediol in, in, 39'2 


Adrenal tumour, excretion of androgen in, 

103, 163 

Cancer, and cystic mastopathy, 334 

— and pituitary-gonadal imbalance, 47 

— as sequel of partial spaying, 47 

— caused by androgen, 250 

— caused by gonadal hormones, 147 ff., 151, 

250, 367 

— caused by oestrogen, 137, 15 1, 250, 

313 ff., 348-67, 373, 383 ' 

— caused by partial gonadectomy, 47 

— human mammary, heredity of, 367 
incidence of, 365 

and age at menopause, 362 

multifocal origin of, 333 

nongenic inheritance of, 354 

preventive measures against, 367 

— in women, excretion of oestrogens in, 
363 ff. 

— lymphosarcoma, caused by oestrogen, 383 

— mammary, caused by artificial oestrogens, 
98 

factors in the causation of, 348-67 

induced by oestrogens, 137, 348^52 

in female and male mice, induced by 

oestrogen, 137 

in male mice, caused by ovarian im- 
plants, 349 

in mice, and adrenal cortex degenera- 
tion, 364 

and excretion of oestrogen, 364 

and inheritance of susceptibility, 

354 

and mammary development, 364 

and oestrogenic phenomena in 

spayed mice, 363 

and oestrous cycle, 361 ff. 

and susceptibility to carcinogenic 

agents, 364 

and vaginal response to oestrogen, 

363 

caused by oestrogens, 348-52, 

360 ff., 367 

characteristics of mice strains re- 
sistant to, 361 ff. 

co-operation of nongenic here- 
ditary factor and oestrogen in, 358 

doubtful effect of lactation on, 366 

effect of amino-acids in food on, 366 

effect of dosage of oestrogen on, 35 1 

effect of duration of oestrogen 

treatment on, 351 

effect of foster mothers on incidence 

of, 355 ff- 

effect of gonadectomy in, 349 

effect of ovary in, 348 

effect of, pituitary in, 351 ff. 

effect of pure oestrogens in, 350 

effect of sex in, 350 

effect of testosterone propionate in, 

150. 367 . . . 

effect of transference 01 ova in, 

355 . ^ 

genic and nongenic hereditary 

factors of, 352-61 
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Cancer {cont.) 

— mammary, in mice, genic factor in sus- 
ceptibility to, 360 

genic hereditary factor of, 360 ff. 

‘high-cancer’ and ‘low-cancer* 

strains in, 352 jff. 

incidence of, 348 ff. 

comparison of inbred strains in, 

133 ff., 35 f ff. 

in breeders and non-breeders, 

365 

in different strains, 352 ff. 

in relation to diet, 366 

in relation to littering, 366 

in undernourishment, 1 39, 366 

— influence of parentage on effect of 

oestrogen in, 358 ff. 

in relation to oestrous cycle, 361 ff. 

nongenic hereditary factor of, 

352 ff. 

• — nongenic hereditary factor of, 

varying resistance to, 355 ff. 

non-relation to uterine cancer, 360 

occurrence of spontaneous, 279, 

349 

— prevention of, by testosterone, 1 50, 

367 

summary account of, 361 

susceptibility to, transferred through 

fathers, 353 

transferred through mothers, 

353 

transferred through suckling, 

355, 357 

transferred through tissue grafts, 

356 

in relation to lactation and reproduc- 
tion, 365 ff. 

spontaneous incidence in inbred strains 

of mice, 330 

— of bones, breast, connective tissue, testis, 
uterus and white cells of blood, 151 

— ovarian, following ovariectomy, 47 

— testicular, abnormal incidence of human, 
in retained testes, 287 

— uterine, and oestrogen production in 
rabbits, 314 ff. 

— — caused by oestrogen, 3 1 3 ff. 

in rabbits, spontaneous occurrence of, 

314 

estrogenic, hereditary liability to, in 

CBA mice, 133 ff. 

— sarcoma, caused by oestrogen, 151, 376, 

383 

— See also Tissue growth; Tumours 

Carcinogenic agents, effect on high-cancer 
and low-cancer strains of mice, 364 
Carcinogenic oestrogens, 98, 313 ff. 
Carcinoma, uterine, caused by oestrogen, 

313 ff. 

Chorionepithelioma, and Aschheim-Zondek 
test, 7 ff. 

— effect on pituitary production of gonado- 
trophin, 7 ff. 


— gonadotrophin in, 8 ff. 

— testicular, diagnosis of, by Aschheim- 
Zondek test, 8 

effect on histology of pituitary, 88 

Chorionepithelioma and teratoma of testis, 
distinguishing test for, 8 ff. 

Gonadectomy, partial, cancer as sequel of, 
47 ff. 

Lymphosarcoma, occurrence of, after oestro- 
gen treatment, 383 

Mice, inbred strains of, and mammary 
cancer, 133 ff., 352 ff. 

— mammary cancer of, high-cancer and low- 
cancer incidence in, 352 ff. 

Sarcoma, of bone, caused by oestrogen, 268, 
373 

— subcutaneous, caused by androgen, 15 1, 
250 

caused by oestrogen, 151, 250, 376 

Seminoma, increase of urinary gonado- 
trophin in, 8 ff. 

Capon’s comb, effect of androgen and oestrogen 
on, 121 ff. 

— effect of gonadal hormones on, 126 

— location of hormonal reactions in, 140 

— See also Comb of fowls 

Capon’s comb test, of androgens, 126, 140 ff. 

— seasonal variation in results of, 157 
Capreolus capreolus, nidation of ova in, 419 
Carboxypeptidase, inert against gonado- 
trophins, 3 

Carcinogenic agents, effect on high-cancer and 
low-cancer strains of mice, 364 
Carcinoma, see under Cancer 
Carotene, inhibition of oestrogen by, 139 
Castration and gonadotrophin production, 56 
‘Castration cells’ in pituitary, 85, 93 ff. See 
also ‘Signet ring’ cells 

‘Castration changes’, effect of testis substance 
on, 62 

— in male pituitary, effect of oestrogen on, 63, 
88 

prevented by androgens, 63 

Castration, effect on accessory reproductive 
organ. , counteracted by androgens, 216 

— effect on adrenals, 447 ff. 

counteracted by androgens, 448 

— effect on anterior lobe of pituitary, 85 

— effect on birds, 107 

— effect on bodyweight, 244, 249 ff, 

— effect on fat deposit, 249 

— effect on growth of bones, 241 ff. 

— effect on men, 152, 299 

— effect on pituitary, counteracted by andro- 
gen, 63 

— effect on pituitary cytology, 93 ff. 

— increases pituitary FRH, 13 ff. 

— partial, effect on remaining testis, 48, 49 

— pituitary gonadotrophin increased by, 57 

— See also under Gonadectomy; Spaying 
Cholesterol, structural formula, 10 1 
Chondrotrophic hormone, 370 
Chorionepithelioma, see under Cancer; see 

Glossary 
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Chromophobe cells in pituitary gland, 85-95 
‘Chronic cystic mastitis 334 
Chymotrypsin, inactivation of gonadotrophins 
by, 3 

Citellus tridecimlineatus, ejffect of castration 
on, ZZ2, 

— effect of gonadotrophin on, 27, 30 

— See also Ground squirrel 

Citric acid, excretion of, increased by oestro- 
pn, 381 

Clitoris, abnormal growth of, caused by 
androgens, 176, 225 ff. 

— effect of androgen on, 224 ff. 

— effect of progesterone on, 408 

— spontaneous hypertrophy and hypospadias 
of, 228 

Coagulating glands, effect of oestrogen on, 296 

— function of, 215 ff., 296 
maintenance of, by testis, 188 

Colchicine test of androgenic and oestrogenic 
activity, 89, 238 

Colloids, electronegative, separation of, from 
blood stream, 258 

Colostrum, sex hormones in, 10, 267 
Comb of fowls, see also Capon’s comb 

— in test of androgens, 155 

— response to androgens and oestrogens, 162 

— response to pituitary gonadotrophin, 162 
‘Compensatory atrophy’, 443 
Compensatory hypertrophy, after partial gona- 

dectomy, 26, 47 

— of ovary, 22, 47 
‘Constance folliculaire*, 25 
Co-operation, of androgen with oestrogen, x 10, 

115 ff., 150, 209, 218 

— of androgens, corticosterone and oestrogen, 

415 

— of gonadal hormones; 1x9, 150 

— of hormones, anomalous, 1x8 
effect of dosage on, 117 

— of oestrogen with progestin, 1 17, 1 50, 426 ff. 

— of testosterone with oestrogen or pro- 
gesterone, 1x7 

Copper salts, augmentative effect of, 75 
Copulation, fertile, during pregnancy, 43, 419 
Copulatory reflex, effect of hormones on, 439, 

451 

Corpora lutea, absence of, in oviparous 
animals, 398 

— and adrenal cortices, actions common to, 
143, 435 

— and progestational changes, 415 ff. 

— atretic follicles regarded as, 396 

— caused by androgen, 209 

— classification of varieties of, 396 

— degeneration of, effect of oestrogen on, 282 

— development and maintenance of, 395"405 

— development of, in response to LH, 395 ff., 
399 ff- 

— effect of androgens on, X92, 402 

— effect of gonadal hormones on, 401 ff. 

— effect of gonadotrophin in formation of, 

395 ff- _ 

— effect of hypophysectomy on, 400 ff. 

— effect of hysterectomy on, 403 ff. 


— effect of lactation and suckling on, 402 ff. 

— effect of LH on, 395 ff., 399 ff. 

— effect of oestrogen on, 282, 401 ff., 432 
during oestral cycle, 282 

— effect of progesterone on, 402 

— effect of suckling on, 402 

— effect of thyroid on, 404 

— effect of X-radiation on, 405 

— effect on mammary alveoli, 430 ff. 

— formation of, induced by lactation and 
suckling, 397 

induced by mating, 397 

induced by psychic stimuli, 398 

induced by sensory stimuli, 397 

induced by stimulation of cervix uteri, 

397 ff- 

— hypertrophy of, caused by oestrogen, 282 

— maintenance of, effect of uterus on, 403 

by gonadal hormones, X92, 282, 401 ff. 

by oestrogen, after hypophysectomy, 283 

by pituitary LH, 399 

by placenta, 400 ff. 

— non-functional, induced by gonadotrophin 
in immature or hypophysectomized rats, 

399 ff- 

— oestral, functional and non-functional, 396 

— oestrogen and progestin from, 432 

— oestrogen content of, 254 ff., 409 

— of lactation, 397 

— of pregnancy, 397 

— of pseudopregnancy, 396 ff. 

— origin and function of, 394ff. 

— persistence of, after hysterectomy, 404 

in absence of FRH, 399 ff., 404 

in pregnancy, after hysterectomy, 403 

— relation of, to FRH and LH, 399 ff. 

— sensitivity to X-rays, 404 

— varieties of, 396 ff. 

Corpus allatum compared with anterior lobe of 
pituitary, 21 

Corticosterone, comparison of, with androgens 
and oestrogens, 143 

— origin of, in adrenals, 440 ff. 

— substitution of, by progesterone, 143 
Cowper’s glands, castration atrophy of, pre- 
vented by androgens, xi2, 216, 220 

— cytology of, 300 ff. 

— effect of gonadal hormones on, x 12 

— effect of oestrogen on, 1x2, 220, 268, 300 ff. 
Creatinine, urinary content of, 393 

Cricetus awratus, co-operative effect of oestro- 
gen and progestin on, 414 
Crotalus terrificuSy corpora lutea in, 398 
Cryptorchid animals, masculine characters of, 
157 ff. 

Cryptorchidism, and response to gonado- 
trophin, 50 

— caused by oestrogen, 287 

— effect of temperature on testis in, 30, 84, i6x 

— effect on pituitary, 13, 45 49 ff^-» 94 

— FRH output increased by, 14 

— See also Testes, non-descent of 

Cystic glandular hyperplasia of uterus, see 
under Tumours 
Cysts, see under Tumours 
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Dasypus novemcinctus, nidation of ova in, 4i8ff. 
Dasyurus viverrinusy corpora lutea in, 390 

— mammary development of, 43 1 
Deciduoma, see Placentoma; Tumours 
fra«s-Dehydroandrosterone, effect on castrated 

rats, 57 

— derived from adrenal tumour, 163 

— excretion of, after oophorectomy in women, 
163 

— formation of, in adrenal, 1 54 

— in eunuch’s urine, 160, 175 

— in normal adult urine, 172, 175 

— in urine of spayed women, 172 

— structural formula, 103 

Demarcation zone, see Adrenal cortex de- 
marcation zone 

Deoxycorticosterone, amplifies action of oestro- 
gen on mammae, 434 

— and copulatory reflex, 45 1 

— and esters of, and progesterone, similar 
effects of, 438, 450 ff. 

— and progesterone, similarity of structure of, 
99 

■— effect on mucification of vagina, 451 
— r effect on pituitary, 438 ff., 444 

— effect on uterus, 450 ff. 

— effect on vagina, 45 1 

— inactivation of, by the liver, 456 
Didelphys virginiana, effect of androgen on 

young of, 187 

Diethylstilboestrol, and mammary cancer, 98 

— and sensitization of uterus, 427 

— effect on ovary, 53 

— oestrogenic capacity of, 53, 98 

— structural formula, 105 

— See also Stilboestrol 

9 : io-Dihydroxy-9 : io-di-w-propyl-9 : lo-di- 
hydro-i : 2 : 5 : 6-dibenzanthracene, struc- 
tural formula, 105 

Doderlin bacillus and vaginal acidity, 307 
Dosage, by intradermal injection, 128 

— by tablets subcutaneously, 130 

— divided, increased effect of, 1 23 

— effect of, by local or distant injection, izbff. 

— of gonadal hormones, 121 ff., 123-34 

— of oestrogen, effect of, on young and adult 
rats, 138 

— threshold, of oestrogens, 127 

— See also Hormones, gonadal, variations of 
responses to; Ovary 

Electrolytes, excretion of, by adrenalectomized 
dogs, effect of progesterone on, 437 
Electrolytes and water, excretion of, effect of 
adrenal cortical hormones on, 112, 143 

effect of androgens on, 112 ff., 143, 236 

effect of oestrogen on, 1 12 ff., 143, 386 ff. 

effect of progesterone on, iizff., 143, 

437 

See also Water, accumulation of, in 

tissues 

Electrophoresis, of chorionic gonadotrophin, 4 
Embryo chicks, effects of androgen on, 185 
— effects of oestrogen on, 272 
Endometrial changes caused by oestrogen, 208 


Endometrial hyperplasia, cystic, caused by 
oestradiol, 280 

caused by testosterone, 208 

in untreated mouse, 279 

Endometrial moles, as combined effect of 
oestrogen and progestin, 318 

— caused by oestrogen, 21 1 
Endometrioma, effect of androgen on, 208 
Endometriosis, stromatous, caused by oestro- 
gen, 319 

Endometrium, effect of androgen on, 207 ff. 

— effect of oestrogen on, 312 ff. 

— effect of progesterone on, 41 1 ff., 415 ff. 

— progestational changes in, influenced by 
androgen, 208 

Enzymes, proteolytic, inactivation of gonado- 
trophin by, 2, 3 

Eosinophile cells in pituitary gland, 85-95 
Epididymis, effect of androsterone on, 219 ff. 

— effect of oestrogen on, 300 

— in female, induced by androgen, 186 
Epoophoron, effect of androgens on, 220 
Equilenin, structural formula and history, 1 04, 

251 

Ergosterol, structural formula, loi 
Erythrocytes, formation of, influenced by 
androgens, 249 

influenced by hormones, 3 82 

Ethinyloestradiol, 125 

Ethinyltestosterone, as trivalent hormone, 1 12. 
See also Ethisterone B.P. and Pregneninolone 

— excretion o'f, 394 

— sources of, in commerce, see Appendix 
Ethisterone B.P., 459 

Eunuch in history, 152 

Evotmys glareolus, seasonal variation in size of 
gonads of, 30 

External genitalia, action of androgens on, 222 ff. 

— effect of oestrogen on, 289 ff. 

Fallopian tubes, effect of testosterone on, 210 

— See also Oviducts 

Fat, abdominal, effect of androgen on, 237 

— distribution of, in the body, effect of hor- 
mones on, 250, 375 

Fat accumulation in tissues, effect of castration 
on, 237, 249 ff. 

— effect of cryptorchidism on, 249 

Fat deposition and thyroid activity, 250 
Fecundity, after half-spaying, 22 ff. 

— excessive, induced by pituitary gonado- 
trophin, 20 ff. 

— regulation of, by ovary-pituitary balance, 
21 ff. 

— See alsg Fertility 

Feminine behaviour, influence of hormones on, 
146 

Feminism, adrenal, 453, 456 
Feminization effect of androgen, 108 ff. 
Fertility, effect of gonadotrophin on, 17 ff. 

— effect of progesterone on, 417 

— of bee and ‘royal jelly’, 21 

— See also Fecundity 

Fibro-adenoma of mamma, caused by 
oestrogen, 350 
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Fibromyoma, see under Tumours . 
Follicle-ripening (FRH) and luteinizing (LH) 
hormones, question of identity of, 12 ff., 399 
Follicles, ovarian, maturation of, and puberty, 
17 ff. 

— ovarian, maturation of, induced by pituitary 
implants, 18 

maturation of, prevented by effect of 

oestrogen on supply of FRH, 282 
Follicular atresia, 18 
Folliculin, 251 

Formalin, effect on gonadotrophic extracts, 13 
Formulae, structural, of gonadal hormones, 
98 ff., 389 

Freemartin, adult female, ovary of, 180 

— effect of androgen from male twin on, 179, 
185, 188 

— hormonal output of, 179 

— human equivdent of, 180 

— seminal vesicles in, 188 

— Wolffian ducts in, i88 
Freemartins, 179 ff., 185 

Freud’s classification, of gonadal hormones, 
214 ff. 

— of vaginal epithelia, 304 

FRH, absorption of, delayed by reagents, 16 

— assay of, 33 

— definition of, 2 n., 399 

— effect of, augmented by LH, 1 5 ff. 

— effect on gonads, after hypophysectomy, 203 

— effect on oestrogen production, 1 5 

— effect on ovary, 15 ff., 84 

— effect on ovary, influenced by LH, 15 ff., 
55 

— effect on testis, 28, 84 

— excessive output of, after partial gonadec- 
tomy, 48 

after X-irradiation of testis, 50 

— formation of, induced by adrenal cortical 
hormones, 443 

— in pituitary extract, 2-31, 32-69, 76, 82 ff. 

— in pituitary tissue, 12 ff. 

— in testicular tumour, 9 

— in urine of children, 33 

— in urine of women and old men, 33 ff. 

— output of, in males sterilized by X-rays, 13, 

14 ^ 

— output of pituitary, during sexual rest, 18 

— overproduction of, in cryptorchidism, 
partial gonadectomy and X-ray sterilization, 
46 ff. 

— preparations of, 13, 16, 28 ff. 

— production of, affected by gonadal grafts, 61 
after gonadectomy, 46, 404 

after partial gonadectomy, 49 

by pituitaries of female and male, 61, 93 

effect of sterilization by X-rays on, isff., 

50 ff. 

inhibited by oestrogen, 51 ff., 382, 41 1 

inhibited by progesterone, 404, 428 

in pituitary, and related cytological 

changes, 93 

■ — effect of gonadectomy on, 13 ff., 

46 ff. 

related to basophiles, 93 


— purified extract, 13 

— sources and preparation of, 13 ff. 

— See also FRH and LH 

FRH and LH, action on testis compared, 28, 
203 

— antagonism of, in formation of corpora 
lutea, 399 

— combined effect of, on ovary, 15, 74 

on testis, 28 ff. 

— comparison of, 12 ff. 

— comparison of response to, in different 
species, 83 

— differing actions of enzymes on, 2 ff. 

— distinguishing test for, 17 

— effect depending on dosage, 16 

— effect of partial gonadectomy on output of, 
46 ff. 

— effect on accessory male reproductive 
organs, 28 ff. 

— effect on pigeons’ gonads, 15 

— excretion of, at various ages of females and 
males, 33 ff. 

— extracts containing, 28 

— from female and male pituitary respectively, 
33, 88 

— immunal reactions of, 82 

— influence of, on oestrous cycle, 42 ff., 53 ff., 
410 ff. 

— in pituitary, effect of formalin on propor- 
tions of, 13 

— opposite effect on ovulation of, 439 

— production of, effect of oestrogen on, 16, 
53 ff., 282 

— question of identity, 12 ff. 

— separation of, in pituitary extracts, 16 

— sources of, 12 ff. 

Friedman test for pregnancy, 266. See also 
Glossary, pregnancy tests 

Frohlich’s syndrome and cytology’ of pituitary, 
93 

Fuchsinophile staining of adrenal cortex in 
virilism, 453 ff. 

Galactin. See Galactogen 

Galactogen in lactation, 342 ff. See also 
Glossary 

Galactogen or prolactin in female and male 
pituitary, 342 

Gasterosteus aculeatus, changes of, during 
mating season, 158 

— effect of temperature on, 40 

Geornys bursarius, resorption of pubic bones in, 
374 

Gestation, effect of corpora lutea on, 422 

— effect of gonadotrophins on, 423 ff. 

— effect of hormones on, 422 ff. 

— effect of oxytocin in, 423, 425 

— effect of pitressin in, 423 

— effect of pituitrin in, 424 ff. 

— effect of progesterone in, 422 ff. 

Gians clitoridis, masculinizing effect of andro- 
gens on, 226 

Gians penis and prepuce, relationship of, 
225 ff. 

— separation of, induced by androgens, 226 
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Glycogen content, of endometrium, effect of 
progesterone on, 420 ff, 

— of liver, effect of androgen on, 237 

effect of oestrogen on, 377 

effect of progesterone on, 438 

andmuscles, effect of hormones on, 377ff., 

438 

— of vaginal mucous membrane, 307 
Gonadal differentiation, effect of androgens on, 

182 ff. 

Gonadal-pituitary relationship, 49, 1 50 
Gonadal reactions to gonadotrophin at dif- 
ferent ages, 71-3 

Gonadal sex, reversal of, in symbiosis,, 179, 
181 

Gonadectomy, 44 ff., 93 ff- See also Castra- 
tion; Spaying 

Gonadectomy and parabiosis, 13, 52 
Gonadectomy, effect on function of pituitary, 
44 ff. 

— effect counteracted by androgens, 89 

— effect counteracted by engrafted gonads, 
62 

— effect counteracted by oestrogens, 88 ff. 

— effect on adrenals, 447 

— effect on cytology of pituitary, 93 

— effect on female and male birds, 107 ff. 

— effect on production of FRH and LH, 

13 ff., 46 ff. 

— effect on weight of pituitary, 44 ff. 

— partial, 21 ff., 46 ff. See also Castration, 
partial; Spaying, partial 

and malignant tumours, 47 ff. 

‘ compensatory hypertrophy ’ in, 47 

effect on fertility, 21 ff. 

effect on pituitary, 46 ff. 

effect on remaining ovary, 47 ff. 

Gonadotrophic antisera, 77 ff. See also Anti- 
gonadotrophic reactions 

— preparation from inactive material, 79 

— species-specificity of, 79 ff. 

Gonadotrophic extracts, absorption of, de- 
layed by impurities, 74 

— assay of, 27, 33, 71 

— sources of, in commerce, see Appendix 

— sources and separate fractions, 4, 6 ff., 80 
Gonadotrophin, chorionic, 5, 7 ff., 10. See 

also Gonadotrophin, placental; Gonado- 
trophin, pregnancy-urine;- Hormone, preg- 
nancy-urine; Prolan; Glossary 
antiserum, 78 

comparison of, with pregnant mare’s, 5 

composition of, 17 

disappearance of, from blood stream, 

4ff. 

distribution of, in the body, 9 ff. 

effect of proteolytic enzymes on, 3 ff. 

effect on ovary, 17 

effect on testis, 25 ff. 

— ■ — electrophoretic properties of, 4 

excretion of, 4 ff., 9 

human, absence of acquired resistance to 

in man, 78 ff., 81 

and pregnant mares’ serum, differing 

behaviour of, 5, 12 


cryptorchidism treated with, 28, 81 

hypogonadism treated with, 28, 81 

inactivation of, i ff. 

in cerebrospinal fluid, 10 

in chorionepithelioma, 7 ff., 10 

in delay of parturition, 422 

in testicular tumours, 8, 10 

in urine, diagnostic value of, 5,7 ff. 

luteinizing effect of, 1 2 ff- See also FRH 

and LH; LH 

not inactivated by the liver, 4 

production of, in chorionepithelioma, 

7ff- 

— pituitary, 1-69 

action on ovulation, 3 1 

and gonadal development in precocious 

puberty, 27 ff., 73 

and lipaemia, 379 

and prolan, comparison of, 10 ff. 

antibody, 76 ff. 

antiserum, 82 

antiserum of, ineffective against chori- 
onic gonadotrophin, 81 

delayed absorption of, 74 

divided doses of, with additions of zinc 

sulphate, 75. See also Dosage 

effect of administered, on pituitary 

function, 59 

effect of on, 2 

effect of proteolytic enzymes on, 2 ff. 

effect on germinal cells at different ages, 

71 ff. 

effect on interstitial glandular cells of 

immature gonads, 70 ff. 

effect on ovary, 10 ff., 17 ff., 71 ff., 121, 

162 

effect on ovary of continued excess of, 1 8, 

20 

effect on ovary of, nature of reaction in, 

24 ff. 

restrained by androgen, 121 ff. 

effect on testis, 25 ff., 70 ff. 

equine, antigenic action of, 81, 83 

■ excretion of, 4 ff. 

factors influencing reaction of gonads to, 

70-84, 150 

follicle-ripening (FRH) effect of, I2ff. 

See also FRH; FRH and LH 

formation of, in transplanted pituitaries, 

39 

from anterior lobe, preparation and 

properties of, 1-29, 74 

inactivation of, by bacteria, 4 

by boiling, 2 

by enzymes, 2 ff. 

^ by reagents, 2 

within the body, 4 ff. 

in cross-species resistance, 81 ff. 

indirect action of, on gonads, 31 

in divisional dosage, 75 

in gestation of pregnant mare, 6 

in regulation of gonadal functions, i7ff., 

25 ff., 60, 150 

in urine of normal men, 4 

mare’s and stallion’s, effects of, 63 
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Gonadotrophin, pituitary, neutralized by 
oestrogen, 55 

non-production of, during pregnancy, 10 

ovarian irresponsiveness to, after meno- 
pause, 73 

precocious puberty caused by, 70 if. 

— — production of, after gonadectomy, 45, 
216 

after menopause, 33 

agencies affecting, 32-69 

at different ages, 32 ff. 

controlled by gonads, 44-5 1 

in breeding season, 72 

— .in castrated animals, 44 ff. 

inhibited by androgen, 55 ff., 217 

inhibited by gonadal hormones, 16, 

41 ff., 51-9, 88, 113 ff., 1 19, 406 

inhibited by gonads, 60, 72 ff. 

inhibited by oestrogen, 5 1 ff. 

inhibited by progestin, 57 ff. 

prevented by adrenalectomy, 448 ff. 

stimulated by light, 36 

rapid production of, 396 

response to, by transplanted ovaries, 

270 

sex differences in origin of, 63 

stability of, 1 1 

treatment of hypogonadism with, 28 

variable composition of, 29, 74 

See also Appendix ; Glossary, Inter- 
national unit of gonadotrophin 

— pituitary and placental, acquired resistance 
to, 76 ff. 

antibodies of, and foreign protein im- 
munity, 76 ff. 

combined injection of, 1 1 , 74 

comparison of, 7, 10 ff. 

effect on gonads, 10 ff., 74 ff. 

identity questioned, 7, 10 ff. 

specific resistances to, 81 

synergism of, 74 

— placental, absence of, in foetal organs, 9 
and augmentation effect of pituitary 

extract on ovary, 1 1 , 64, 74 

and pregnancy-urine, identity of, 1 1 

antigenic properties of, 76 ff. 

composition of, 29 

disappearance of, from blood stream, 4ff. 

effect on gonads of administered, 59 ff. 

effect on ovary, 10 ff. 

effect on pituitary, 59 ff. 

— — effect on production of androgen, 60 ff. 

effect on production of oestrogen, 60 ff. 

effect on testis, 26 ff. 

excretion of, 6 ff. 

formation in vitro, 7 

inactivation of, in foetus, 9 

in colostrum, 10 

in pregnancy urine, 6 ff. 

irresponsiveness of bird’s testes to, ii 

masculinization effect of, no 

preparation and properties of, 2 ff., 10 ff., 

16-29 

production of, after gonadectomy, 45, 

216 


see also Gonadotrophin, chorionic; Gona- 
dotrophin, pregnancy-urine ; Gonadotro- 
phin, pituitary; Hormone, pregnancy-urine; 
Prolan; see also Appendix; Glossary 
Gonadotrophin, pi^gnancy-urine, absent 
from pregnant mares’ urine, 5 

antigonadotrophic reaction of, 81 

comparison of, with pregnant vi^omen’s, 

6 

effect of pH on, 2 

effect on bird’s gonads, 70 

effect on hermaphrodite gonads, 179 

excretion of, 5 ff. 

inactivation of, by boiling, 2 

by enzymes, 2 ff. 

by ultra-violet light, 2 

presence of, in body fluids and organs, 

during pregnancy, 9 ff. 

production of, 6 

proteolysis of, by enzymes, 2 ff. 

response of different species to, 83 

storage of, in the body, 4 

treatment of hypogonadism with, 28 

See also FRH; FRH and LH; LH 

Goiiadotrophin, vegetable, in yeast, 9 
in young oats, 9 

Goixadotrophins, antibodies of, and foreign 
protein immunity, 76—83. See also Anti- 
gonadotrophic reactions 

— bacterial decomposition of, 4 

— distribution of, within the body, 9 ff. 

— effect of administered, 59 ff. 

— female and male compared, 60 ff., 93 

— functions of, i~3i, 59 ff., 91 ff. 

— inactivation of, within the body, 4 ff. 

by proteolytic enzymes, 2 ff. 

— location of, in pregnant women, 9 ff. 

— mares and stallions, 63 

— sources of, 6 ff. 

— species-difference in reaction to, 83 

— synergism of, 74 

Gonads, atrophy of, after adrenalectomy, 163, 
448 

after hypophysectomy, i, 25 ff., 144 

— differentiated, effect of gonadal hormones 
on, 179 

— embryonic, cytology of, 177 ff. 

differentiated, transplantation of, 178 

differentiation of, 176 ff. 

undifferentiated, transplantation of, 178 

— enlargement of, in foetus, 73 

— female, growth of embryonic, 176 ff. 

— functional, in parabiosis of rats, 118 

— glandular interstitial cells of, effect of 
gonadotrophins on, 29 ff., 70 ff. 

— grafts of, in hosts of opposite sex, 114, 
119 

— implanted in opposite sex, effect of, on host, 

144 , 

— male, growth of embr>'onic, 148, 17611. 

— of female and male animals in parabiosis, 
102 

— of opposite sex, co-existence of, in animals, 
1 14, 118 ff. 

— primitive, bisexual, 177 ff. 
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Gonads, response of, to adrenal cortical hor- 
mones, 449 ff. 

to androgen, 142 ff., 191 ff. 

to gonadotrophins, 70-84 

to oestrogen, 271-88 

to progestin, 406 ff. 

— substitution of, by implanted gonads of 
opposite sex, 118, 136 ff., 144 ff., 179 

— transplantation of, and production of bi- 
sexual characters, 144, 179 

— undifferentiated, effect of gonadal hor- 
mones on, 179, 183 

Granulosa cell tumour, oestrogen in, 254 
Granulosa cells, effect of oestrogen on, 282 
Granulosa tissue, as disputed source of oestro- 
gen, 252 ff. 

Ground squirrel, 30, 41, 72, 85, 201, 446. See 
also Citellus 

Growth hormone, pituitary, 369 ff. 

Haemangioma of liver, caused by oestrogen, 
377 

Hair, growth of, and hypertrophy or neoplasia 
of adrenals, 240 

effect of androgens on, 208, 239 ff., 376 

effect of oestrogen on, prevented by 

testosterone, 376 

reciprocal action of oestrogen and 

androgen on, 240, 376 
Hamster, 446. See also Cricetus auratus 
Heart, muscle and weight of, effect of androgen 
on, 248 ff. 

Hens* eggs, effects of injected androgen, 70 

— effects of injected gonadotrophin, 70 
Hepatoma, see under Tumours 
Hermaphroditism, 178 ff. 

— human, 179 

— of squirrels, 179 

Hernia, bilateral, induced by oestrone in mice 
with one testis, 293 

— effect of artificial cryptorchidism and of 
oestrone on formation of, 292 

— effect of prolonged oestrogen treatment on, 
294 

— influence of testes on, 292 

— inguinal, in mice, caused by oestrogen, 
291 ff. 

— prevention of, by bilateral castration, 293 

— prevention of, by vitamin-E deficiency, 293 

— scrotal, 291-4. See also Hernia, inguinal 
Hibernation, and cytological changes of pitui- 
tary, 85 ff. 

— storage of androgen in, 165 
High-cancer and low-cancer strains of mice, 

352 _ 

Hirsutism, see Hair, growth of 
Hormonal balance, adrenal-gonadal, 449 ff. 

— pituitary-adrenal cortex, 441 ff. 

— pituitary-corpus luteum, 57 ff., 438 

— pituitary-ovary, 17 ff., 51 ff. 

— pituitary-testis, 25 ff., 55 ff., 70 ff. 

Hormone, chondrotrophic, 370 

— follicle-ripening, 30., I2ff., 399 

— from new tissue as defensive mechanism, 
285 


— interstitial-cell stimulating, ICSH, 29 

— luteinizing, 2 n. See also under LH 

— ovulation-producing, of pregnancy urine, 
iff. 

— pregnancy-urine, i, 2 ff. See also Gonado- 
trophin, chorionic; Gonadotrophin, pla- 
cental ; Gonadotrophin, pregnancy -urine ; 
Prolan 

— thyrotrophic, inactivation of, by boiling, 2 

‘ Hormone, female ’, 102, 252. See also Glossary 
‘Hormone, growth*, 370 
‘Hormone, male*, 102 
Hormone-antihormone buffer system, 80 
Hormones, adrenal cortical, see Adrenal cortex, 
hormones of 

and progestin, similar effects of, 450 ff. 

effect of esterification of, 131 ff., 459 

experiments with, interpretation of 

results of, 452 

Hormones, gonadal, 51 ff., 88 ff., 96-151. See 
also Androgens; Oestrogens; Progestins 

acquired resistance to, 138, 285 

action of, variations of response to, 

136 ff., iss 

anatomical limits to action of, 99 

and adrenal cortical hormones, common 

actions of, 112, 143 ff., 443 
and structural transformation of tissues, 

143 

antagonisms of, see Antagonisms of 

gonadal hormones 

‘bisexual’ activity of, 102, 113 

classification of, 103, 113 ff., 2i4ff. 

constitutions and biological effects of, 

98 ff., 389 

co-operation of, 115 ff., 150, 426 ff. 

effect of proportions in, 1 1 5 

in effect on uterus and vagina, 1 16 

definition of, 100 ff. 

— ' — difficulties in assay of, 132 

early production of, in male embryos, 

178 

effect of divided dosage of, 123 

effect of method of administration on 

responses to, 97 

effect of storage in vitro on, 123 

effect on behaviour, 1 44 

effect on embryonic gonads, 272 ff. 

effect on excretion of electrolytes,. ii2ff. 

effect on excretion of water, 1 1 2 ff . 

effect on organs independent of sex of 

possessor, 106 ff. 

effect on parental interest, 144 

effect on skeletal development, 143 

embryonic production of, 177 ff. 

excretion of, after chemical change, 

102 ff. 

experimental difficulties with, 132, 147, 

452 

formation of, controlled by pituitary, 

51 ff., 150 

Freud’s classification of, 214, 304 

functions of, 100 ff. 

gradients of responsiveness to, 140 ff. 

inactivation of, in liver, 125 ff., 150, 154 



INDEX 


Hormones, gonadal, inhibit gonadotrophic 
potency of pituitary, 113 ff. 

inhibition of body-growth by, 147 
in metabolism of calcium, 99 

interconversion of types of, lozfP., ibyff., 

257, 364 

international units of potency of, 99. 

See also Glossary 

irreversible and reversible effects of. 

142 ff. 

organ-specific nature of, too ff., 106 ff. 

overlapping effect of, androgen, oestro- 
gen and progestin, 154 

production of, in gonadal grafts, 1 14 

in normal women, 240 

in women with acne; 240 

promotion of tissue-growth by, 148 ff. 

^ resistance to, acquired, 138 ff. 

response of females and males to, 89 

reversibility of effects of, 142 ff. 

social problems in relation to, 147 

sources of, 100 ff. 

specific co-operation of, 1 1 8 

specificity of action of, 149 

speed of response to, 140 

storage of, in vivo] 4, 102, 124 

structural formulae of, 98 ff., 389 

synthetic, 98 ff. 

polyvalent, 112 

synthetic products of like action to, 98 ff. 

test of, by cutaneous application, 128 

transformation of, before excretion, 

102 ff. 

types of, 96, 100 ff. 

variations of responses to, 97 ff., 123 ff., 

133 ff- 

in acquired resistance, 138 ff. 

in alternation of effects, 139 

in continued dosage, 138. See also 

■ in different sexes, 106 ff., 136, 144, 150 

in different species, 97, 139 

in growth of antlers, 139 

in interference by gonadal activity, 

136. . See also Antagonism; Antigonado- 
trophic reactions 

in local inunction, 126, 129 

■ in organ-specific action, 136 

in preliminary dosage, 139 

in production of therapeutic hormone 

in new tissue, 138 

in substitution of grafted gonads of 

opposite sex, 136, 144 

with activators, 13 1 

with addition of tissue extracts, 13 1 

with administration of mixed hor- 
mones, 1 15 ff., 132 

with age of preparation, 123 

with age of recipient, 137 ff. 

with cutaneous application, 126, 128 

with cyclical influences, 1 34 

with delayed absorption from in- 
flamed tissues, 74, 130? 135 

-I with delayed absorption from oil 

solvent, 130 


with delayed absorption of hormone 

esters, 131 ff. 

with different recipient tissues, 133 

with different strains of mice, 133 

with direct local application, 126, 128 

with division of doses, 123 ff. 

with dose quantity, 132 

with duration of experiment, 132 

with effect of heredity, 133 

with effect of infkmrnation, 135 

— with effect of light, 1 35 ff. 

with effect of metabolic rate, 135 

with effect of priming dose, 133 

with effect of temperature, 135 ff. See 

also Temperature effect; Temperature, ex- 
ternal 

with hyperaemia of reacting tissue, 

^35 

with injection of undissolved hor- 
mone, 129, 130 

with intraperitoneal injection, 126 

with intravenous injection, 129 

with oral administration, 4, 124 ff. 

with seasonal influences, 134. See 

also Breeding, seasonal 

with sex, 106 ff., 136 ff., 144, 150 ff. 

with simultaneous or successive 

doses of two hormones, 115 ff., 132 

with site of application, 124 ff. 

with solvents, their nature and 

volume, 129 ff. 

with subcutaneous injection, 125 ff. 

with treatment, continuous or inter- 
mittent, 132 

— individual reactions to, affected by cyclical 
and seasonal influences, 97 ff., 134 ff. 

— responsiveness to, retained by transplanted 
tissues, 1 01, 1 1 4, 270 

— testicular, see Androgens ; Hormones, 
gonadal 

Hunter, John, discovery of crop gland and 
pigeon’s milk, 345 

observations on dependence of accessory 

reproductive organs on testis, 188 

observations on effect of castration, 188 

observations on fecundity and half- 

spaying, 21 

observations on freemartins, 179, 185 

observations on gonadal activity, 96 

observations on maintenance of accessoiy 

reproductive organs, 188 

observations on oviducts of freemartin 

ass, 185 

observations on periurethral glands, 227 

observations on seasonal breeding, 30 

observ^ations on tissue grafts, io6 

Hyaena crocuta^ morphology of female genitals 
of, 189 

Hydrogen peroxide, inactivation of gonado- 
trophin by, 2 

Hydronephrosis caused by oestrogen, 325 
i7-jS-Hydroxyprogesterone, 163 
Hyperostosis frontalis interna, 373 
Hyperpituitarism and adrenal hypertrophy, 442 
Hyperplasia, see under Tumours 
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Hypogonadism, 28 

— treatment of, with androgen, 201, 204, 224 

with gonadotrophin, 28 

‘Hypoovarianism’, effect of oestrogen in, 168 
Hypophysectomy, and atrophy of adrenals, i, 

442 

— and atrophy of gonads, i, 25, 57, 198 

— and atrophy of interstitial glandular cells of 
testis, 198 

— and effect of androgens in maintaining 
spermatogenesis, 1 1 1 

— effect of, <?ounteracted by pituitary extracts 
or implants, i, 6, ii, 17, 24ff. 

— effect on cytology of adrenal, 442 ff. 

— effect on descent of testes, 203 

— effect on ovary, 17 

— effect on reproductive functions, i, 114 

— effect on testis, i, 25, 57, 198 ff. 

— incomplete, 335, 434 

— operation criticized, 335, 434 

— testicular atrophy in, counteracted by 
androgen, 216 

— See also Pituitary, deficiency of 
Hypopituitarism, and cytological changes of 

pituitary, 85 ff. 

— effect on adrenals, 442 ff. 

Hypospadias, caused by gonadal hormones, 

1 12, 143, 227 ff., 289 ff., 406 

— definition of, 227, 289 

— of female urethra, caused by androgens, 227 ' 

— of young, caused by oestrogen during 
lactation, 289 

— spontaneous, 228, 289 

— testis graft as cause of, 228 
Hysterectomy, effect on corpora lutea, 403 ff. 

ICSH, interstitial-cell-stimulating hormone, 
29 

Immunity against foreign protein, 78 
Immunological reaction induced by homogenic 
material, 82 ff. 

Inactivation of adrenal hormone in liver, 456 

— of androgen in liver, 165 ff., 175 

— of gonadotrophin in vivo, 4 ff. 

— of hormones, i ff., 102, 125 

— of oestrogens in liver, 259 ff. 

Indirect effect, of androgens, 184, 217 

— of gonadotrophin, 3 1 

— of progesterone on oestrogen production, 428 

— of testosterone, 1 96 

Inflammation and delayed absorption, 74, 130, 

135 

Inguinal hernia, see Hernia 
International units of hormone activity, see 
Glossary 

‘Intersex’, ‘intersexual’ conditions, inter- 
sexuality, 1 14, 181 ff. 

Intersexualism in female and male embryos, 
caused by androgen, 113 
Interstitial-cell-stimulating pituitary prepara- 
tion, II, 26 

Interstitial glandular cells, of embryonic testis, 
177 

— of gonads, early response of, to gonado- 
trophin, 70 


— ot testis, degeneration of, after hypophy- 
sectomy, 198 

in production of androgen, 158 ff., 177 ff. 

— See also Gonadotrophin, pituitary, effect 
on — ; Ovary; Testes 

Interstitial tissue of testis, tumour of, androgen 
production in, 160. See also Androgens, 
sources of 

oestrogen as cause of, 284 

Junco hyemalis, in seasonal breeding, 34 

17-Ketosteroids, excretion of, in abnormal 
conditions, 160-75 

in normal adults, 160-75 

Kidney, effect of androgen and oestrogen on, 

235 ff- 

— of female and male mice, histology of, 235 

— under influence of androgen, cytology of, 

235 

Kohr’s test for oestriol, 266 

Labia majora and minora, hypertrophy of, 
caused by oestrogen, 290 
Lactation, 87, 267, 337 ff-, 434 ff- 

— after adrenalectomy, 451 ff 

— after removal of corpora lutea, 435 

— and lactogenic preparations, 339 ff. 

— antagonism of oestrogen and galactogen in, 

341 

— arrest of oestrous cycle in, 344 

— cessation of, after adrenalectomy, 45 1 

— continued in absence of corpora lutea or 
ovaries, 403 

— effect of adrenal and thyroid hormones on, 
343 

— effect of adrenocorticotrophin on, 45 1 

— effect of androgen on, 231 

— effect of oestrogen on, 340 ff., 435 

— effect of pituitary extract following oestro- 
gen on, 341 ff. 

— effect of pituitary on, 338 ff., 341 ff. 

— effect of progesterone on, 434 ff. 

— effect of psychical and sensory impulses on, 
343 

— effect of retention of milk on, 343 

— effect of suckling on, 343 

— effect on cytology of pituitary, 87 ff. 

— effect on ovary, 344 

’ — hormones affecting corpora lutea in, 402 ff. 

— induction of, by oestrogen in small doses, 341 

— inhibition of, by androgens, 231 

by gonads and placenta, 339 

by hypophysectomy, 339 

by oestrogens in large doses, 231, 340 ff., 

435 

by stilboestrol, 340 

— in males, after successive treatment with 
oestrone and pituitary extract, 341 

— in men, caused by pituitary hormones, 342 

— in pigeon’s crop-gland, 345 ff. 

— in relation to mammary cancer, 365 ff. 

— maintenance of, in limited production of 
FRH and oestrogen, 343 

— of cow, effect of thyrotrophin on, 346 
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Lactogen, 338, 34a. See also Galactin; Galac- 
togen 

Leucaemia in mice induced by oestrogen 
treatment, 383 

Leucocytic invasion, and epithelial metaplasia, 

308, 31S 

— of vagina, 305 if. 

round mammary ducts in oestrogen treat- 
ment, 330 

Leucocytosis, during oestrus, 305, 308 ff. 

— in relation to epithelial metaplasia, 308 ff., 

315 

— in uterus and vagina, causes of, 305 ff., 315 
Ley dig cells, see also Interstitial glandular 

cells 

— as source of androgen, 158 ff. 

— defensive mechanism of, 285 

— effect of oestrogen on, 284 ff. 

— hyperplasia and neoplasia of, caused by 
oestrogen, 284 ff. 

LH, definition of, 2 n., 399 

— effect of, augmented by FRH, ii, 63, 74 

— effect on excretion of oestrogen, 428 

— effect on gonads after hypophysectomy, 
17, 203 

— effect on male gonads, 28 

— inactivation of, by enzymes, 2 ff. 

— in chorionic gonadotrophin, 17 

— in chorionic tissue, 12 ff. 

— injections of, time effect of, in immature rats, 

71 

— in pituitary extract, 2-31, 32-69, 76, 82 ff. 

— in placental gonadotrophin, 7, 92, 401 

— in pregnancy urine, 18, 28, 414 

— in urine of young women, 33 

— of pregnancy urine, inactivation of, by 
boiling, I ff. 

— pigmentation reaction to, 17 

— pituitary, and formation of corpora lutea, 18, 
399 

and production of antiluteinizing serum, 

82 

production of, effect of gonadectomy on, 

46 

increased by oestrogen, 53 ff., 282 

— preparations of, 13, 16, 28 ff. 

— production of, after adrenalectomy, 449 
from pituitary, in ovulation, 18, 31, 

396 ff. 

in response to oestrogen, 282 

— See also FRH and LH ; Luteinization ; 
Ovulation 

Light, gonadal stimulus of, of different wave- 
lengths, 36 ff. 

Light absorption by retina and gonadal re- 
sponse, 38 

Light stimulus of pituitary, effect on gonads, 
34 ff-, 36, 38 

Littering, effect on maternal behaviour, 145 
Liver, as site of inactivation of gonadal hor- 
mones, 259 ff. 

— cytological changes in, caused by androgen, 
236 

— effect of androgen on, 236 

— effect of gonadectomy on, 237 


— effect of oestrogen on, 236, 377 ff. 

— effect of progesterone on, 438 
Lucilia^ corpus allatum of, 3i 

Luteal extracts, 432 ff. See also Corpora lutea; 
Progestational effect of luteal extract 

— effect on mamma, 432 ff. 

— standardisation ofi 424 
Luteal glands, see Corpora lutea 
Luteinization, and ovulation, 18 ff., 394 ff- 

— and ripening of ova, 396 

— coefficient of, in female and male pituitaries, 
64 

— induced by LH, 18 

— of atretic follicles, 396 
Lymphosarcoma, 383 

Macacus, effect of gonadotrophin on testes of, 
26 

Macacus ecaudatuSy effect of oestrogen on, 386 
Macacus mulattay M. nernestrinOy effect of 
oestrogen on skin of, 387 

— effect of testosterone on, 210 

Macacus rhesusy effect of oestrogen on mam- 
mary acini of, 431 

— effect of oestrogen on skin of, 387 

— effect of oestrogen on uterus of, 310 

— effect of testosterone on descent of testes of, 
205 

Male genital structures, preserved in female 
treated with androgen, 189 
Mammae, and localized effects of oestrogen, 333 

— response of, to sex hormones, 231, 328 ff. 
Mammary acini, development of, co-o{>eration 

of oestrogen and progesterone in, 331 ff. 
effect of dosage of oestrogen and pro- 
gesterone on, 331, 432 ff. 

induced by sex hormones, 230, 330 ff., 

430 ff- 

— effect of androgens on, 230 

— effect of corpora lutea on, 430 ff. 

— effect of luteal extracts on, 432 

— effect of oestrogen on, 430 ff. 

— effect of oestrogen and progesterone to- 
gether on, 331, 432 ff. 

— effect of progesterone on, 432 ff. 

— in Bagg albinos and Black agoutis, effect of 
oestrogen on, 330 

Mamm^ary cancer, see under Cancer 
Mammary development, effect of adrenal hor- 
mones on, 452 

— effect of progesterone on, 430 ff, 

— in hypophysectomized animals, effect of 
hormones on, 433 ff. 

— role of the placenta in, 337 ff. 

Mammary ducts, effect of androgens on, 

229 ff. 

— effect of oestrogen on, 328 ff., 332 

— hyperplasia of, caused by oestrogen, 332 ff. 
Mammary response, to androgen, influence of 

pituitary on, 23 1 

— • to oestrogen, influence of pituitary on, 334ff. 
Mammary secretion other than milk, effect of 
androgens on, 230 ff. 

Mammary stroma, effect of gonadal hormones 
on, 326 
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Mammatrophin, 335 434 

Mare’s pregnancy gonadotrophin, inactivation 
of, in blood stream, 5 ff. 

— source of, 6 

Marmota marmota, effect of gonadotrophin on, 
27 

Marmota monax^ pituitary changes of, 86 
Masculine behaviour, effect of androgens on, 

145 

Masculine characters, as effect of androgen 
from ovarian tumours, 162 ff^ 

— ^ influence of testicular interstitial tissue on, 
158 ff. 

— See also Virilism, adrenal 
Masculinization, effect of adrenal tumour, 

454 ff* 

— effect of androgens, 106, 152 ff., 453 ff. 

— effect of androgens on female chicks, 108 ff. 

— effect of gonadotrophin, 106 

— effect of partial spaying, 106 

— effect of X-ray sterilization of ovary, 105, 
no 

Melanopus differentialis, gland-controlled ova- 
ries in, 21 

Meles meles^ delayed nidation of ova in, 419 
Menstrual bleeding, cause of, 321 

— prevention of, by androgens, 210 

by oestrogen or progestin, 3 1 9 ff. 

by testosterone, 195 

— related to corpus luteum, 41 1 ff. 

— related to progestin supply, 31*9 ff., 411 ff. 
Menstrual cycle, gonadotrophic output in, 43. 

See also Oestrous cycle 

— maintained by 12-5% of total ovary, 23 
Menstrual oedema, 437 

Menstruation, arrest of, by gonadal hormones, 
195 ff., 210, 319 ff. 

Metaplasia, urethral epithelial, caused by 
oestrogen, 291 

Mice, mammary cancer in, see under Cancer 
Microtus agrestis, effect of illumination on, 
37 

Microtus guentheri^ cornification of vagina of, 

304 

Milk, enrichment of, after small doses of 
oestrogen, 342 

Minnow’s ovipositor in assay of progesterone, 
439 

Mitogenetic gonadal hormones, 214 ff. 
Mucifying and non-mitogenetic gonadal hor- 
mones, 214 

Mullerian system, ,i84ff. 

— and oestrogen deficiency, 185 

— effect of androgen on, 184 ff. 

— embryonic, effect of oestrogen on, 275 
Muscular development, effect of gonadal hor- 
mones on, 347 ff. 

Muscular hypertrophy, effect of androgen and 
of gonadectomy on, 247 

— gonadotrophin as cause of, 347 

— not caused by oestrogen or progestin, 247 
Muscular weakness relieved by androgen, 

248 

‘Myotonia atrophica’, androgen treatment of, 
248 


Nidation of ova, effect of corpora lutea on, 
4iSff- 

— effect of oestrogen and progesterone on, 25, 
417 ff., 427 

— prevented by ethinyloestradiol, 125 

— retardation of, 418 ff. 

Nipple, effect of androgen on, 229 
after hypophysectomy, 229 

— effect of oestrogen on, 326 ff., 376 
counteracted by progesterone, 327 

— effect of pregneninolone on, 430 

— of castrated rats, effect of androgens on, 329 

— of male guinea-pig, effect of hormones on, 
328 

Nipples in male mice, and administration of 
oestrogen, 327 

Nutritional deficiency, effect on cytology of 
pituitary, 94 

— effect on gonadotrophic activity of pituitary, 
64 ff. 

— See also Under-feeding; Vitamin-A de- 
ficiency [-B and -E] 

Nycticorax nycticorax hoactti, androgen from 
ovary of, 162 

Odocoileus virginianus borealis j growth of antlers, 
380 

Oedema, caused by hormones, favoured by 
NaCl simultaneously given, 386, 438 
Oestradiol, 98, 104, 351 

— administration of, oestrogens excreted in, 
263, 266 

— antigonadotrophic action of, on pituitary, 53 

— as primary oestrogen, 263 

— benzoate, international unit of, see Glossary 

— conversion of, into oestriol and oestrone, 263 

— effect on pituitary, 90 

— in urine during labour, 263 

— oxidation of, 263 

— structural formula, 98, loi, 104 
‘Oestral gland’, 353 

Oestrin, uncertainty of definition of, 251. See 
also Oestrogens 
Oestrinase, 262 
Oestriol, 104, 251 

— formation of, facilitated by progesterone, 
265 

— Kohr’s colour test of, 266 

— structural formula, 104 
Oestrogenic action in liver disease, 261 
Oestrogenic effect of antirachitic agents, 372 
Oestrogen-like action of androgens, 108 
Oestrogen-treated mice, enlarged pituitary in, 

276 ff. 

Oestrogen therapy, 268 ff., 340 ff. 

— reversible effects in, 268 ff. 

Oestrogens, activity of, maintained in heart-lung 

preparations, 259 

maintained in standing blood, 259 

— adrenal, 257 

— and androgens, co-operation of, in treat- 
ment of accessory reproductive organs, 1 15 ff. 

similar effects of, 109, u i ff. 

— and degeneration of the adrenal cortex, 386 

— and formation of urinary calculi, 380 
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Oestrogens, and gonadotrophin, combined 
action of, on ovaries, 281 

— and mammary cancer in mice, see under 
Cancer 

— and metaplasia of prostate, 298 ff. 

and progestins, co-operation of, in mucifica- 
tion of vagina, 117 ff., 413 ff. 

in progestational changes, 1 17 ff., 

426 ff. 

— antigonadotrophic action of, s i ff. 

— areas of response to, 269 ff. 

— as cause of atrophy of gonads, 283 ff. 

— as cause of cancer, 137, 151, 350, 313 ff., 
348-67, 373, 383 

— as cause of cutaneous oedema, 386 ff, 

— as cause of epithelial metaplasia, 269 

— as cause of fibromyomata of uterus, 211 ff. 

— as cause of lipaemia in blood, 379 

— as cause of metaplasia, counteracted by pro- 
gesterone, 313 _ 

— as cause of non-cancerous tumours, see 
Tumours 

— • as cause of sarcoma, 151, 250, 376 

— assay of, 254 

— cellular character of response to, 269 

— conversion of, into androgen, 103 

— co-operation of, with progesterone in mam- 
mary development, 331 ff. 

— definition and terminology of, 25 1 

— detection of, in blood stream, 262 

— differing reactions of mice strains to, 278 

— distribution of, in the body, 258 

— dosage of, cyclical variation of response to, 
43 

— effect, initial and later, on production of 
FRH and LH, 54 

— effect of divided doses of, 123 ff., 329 

— effect of dosage of, in treatment of uterus, 

319 

— effect of persistent administration of, 52, 1 50 

— effect on accessory male reproductive organs, 
217 ff. 

— effect on accessory reproductive organs, 
52, 109, 217 ff., 289-347 

— effect on actions of androgen and progestin, 
252 

— effect on adrenals, 384 ff, 

— effect on androgen production, 52 

— effect on anterior lobe of pituitary, 52 ff., 
277-88 

— effect on blood calcium, 379 

— effect on blood cells, 382 ff. 

— effect on blood pressure, 381 

— effect on bodyweight, 368 ff. 

— effect on bone structure, 372 ff, 

— effect on bony pelvis, 374 ff. 

— effect on calcification of bones, 120, 149, 
242, 370 ff. 

— effect on capillary blood vessels, 382 

— effect on connective tissues and skin, 368-76 

— effect on cytology of pituitary, 88 ff. 

— effect on embryonic gonads and Mullerian 
and Wolffian systems, 271-6 

— effect on epiphyses, 148 ff., 242, 370 ff. 

— effect on excretion of citric acid, 381 


- effect on excretion of electrolytes, 387 

- effect on female structures other than 
ovaries, 252 

- effect on Fok-Kurloff blood cells, 383 

— effect on formation of antibodies, 383 ff. 

— effect on gonadotrophic potency of blood 
serum, 55 

— effect on gonadotrophin within pituitary, 55 

— effect on gonads after differentiation, 277-88 

— effect on gonads of embryo chicks, 272 ff. 

— effect on gonads of larval amphibia, 272 

— effect on granulosa cells, 282 

— effect on growth, 148, 368 ff. 

— effect on interstitial glandular tissue of 
testis, 284 ff. 

— effect on lactation, 340 

— effect on male organs, 113, 27X ff., 283 ff., 
289 ff., 295 ff. 

— effect on mammae, 107, 326-47 
and mammary cancer, 348-67 

— effect on mice of different strains, 43 1 

— effect on number of erythrocytes, 382 

— effect on ovarian follicles, 281 ff. 

— effect on ovogenesis, 28 1 

— effect on pancreatectomized dogs, 378 

— effect on penis and scrotum, 289 

— effect on periductal fibrous tissue in mamma, 

330 

— effect on permeation of capillaries, 382 

— effect on pituitary, 41 ff., 51 ff., 88 ff., 277-88 
female and male, 51 ff. 

influenced by dosage, 5 1 

of gonadectomized rat, 52 

— effect on production of FRH and LH, 
53 ff., 282 

— effect on production of pituitary hormones, 
51 ff., 252, 280, 369 ff. 

— effect on size of ovary, 282 

— effect on spayed rats, 439 

— effect on survival after adrenalectomy, 388 

— effect on testis, 52, 283 ff. 

— effect on th3nnus, 388 

— effect on various tissues and organs, 377-88 

— effect on young and adult rats, 1 38 

— effect on x zone of adrenal, 385 ff. 

— esters of, inactivation of, 260 ff. 

— excess of, in hepatic cirrhosis, 261 

— excretion of, 255 ff., 263 ff. 

abnormal, 104 ff. 

as oestrone, 263, 266 

by liver, 266 ff. 

by mammae, 267 

by stallion, 105, 256, 300 

during menstrual cycle, 264 ff. 

during pregnancy and pseudopregnancy, 

265 ff. 

effect of progestin on, 265 

in adrenal carcinoma, 257 

in adrenal tumours of men, 456 

in eunuchs and normal men, 175 

in varying states of gonads, 264 ff. 

— formation of, from androgens in vivo^ 103, 
167 ff., 257, 264 

from androstanediol, 230 

from androsterone, 167 
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Oestrogens, formation of, from testosterone, 
167 ff. 

in placenta, 255 

gonadotrophic action of, 51, 281 

— gradients of responsiveness to, in accessory 
genital organs of male mice, 267 

in sites of osseous tumours, 268 

in skeleton, 268 

in uterus and vagina of guinea-pig, 

267 

— growth-checking action of, counteracted by 
pituitary implants, 369 

on bones, 370 ff. 

— hernia-producing effects of, in different 
strains of mice, 292 

— inactivation of, by thyroid, 262 
in liver, 259 ff. 

effect of vitamin-B compiCX on, 261 

location of, 261 

prevented by cirrhosis, 175 

restrained by progesterone, 262 

— inactive combined, excreted during preg- 
nancy, 265 

— in blood and urine of babies, 258 

— in foetal circulation, 258 

— in food, 257 

— inhibition of androgenic action by, 121 

— in human corpus luteum, 254 

— in male urine and testis, 256 ff. 

■ — in small amounts, effect on male accessory 
reproductive organs, 295 

— insulin content of pancreas increased by, 379 

— international unit of, see Glossary 

— in tissue preparations, enhanced potency of, 
261 

— intraperitoneal injection of, 261 

— irreversible effects of, 269 

— luteinizing effect of, on ovary, 54, 282 

— occurrence of, in animals and plants, 257 
in mineral substances, 257 

— oedema produced by, 386 

— order of reversion of effects of, 269 

— ovarian, production of, at different ages, 255 
source of, 254 

— production of, at puberty, 1 69 ff. 

by interstitial tissue of ovary, 253 

by ovarian implants, 252 

during oestrous cycle, 43 

in adrenals, 257 

induced by pituitary implants, 253 

in granulosa cells of ovarian follicles, 252 

inhibited by progestin, 413 

in interstitial cells of ovary, 253 ff. 

in males, 104 ff., 256 ff. 

in ovary, effect of age on, 255 

in ovary, pituitary control of, 24 

in placenta, 255 ff. 

in spayed mice, 349 

in testis, 256 

restrained by progesterone, 428 

— relative potency of, 121 

— reversible effect of, 268 ff. 

— reversible effect on ovary, 280 

— sex reversal caused by, in birds and 
amphibia, 271 ff. 


— sources, functions and metabolism of, 25 1- 
70 

— sources of, in commerce, see Appendix 

— storage of, in active form, not detected, 259 

— structural formula of, 104 ff. 

— threshold doses of, 127 

— tumour-producing effect of, counteracted 
by androgen, 317 

counteracted by progestin, 317 

— typical actions of, on the reproductive 
organs, 252 

— urinary output of, see Oestrogens, excretion 
of 

— vaginal response to, in relation to cancer, 

363 _ ^ 

— variations in responses to, 97 

— See also Oestradiol ; Oestrin ; Oestriol ; 
Oestrone 

Oestrone, conditions of excretion of, 266 

— effect of, enhanced by certain tissues, 261 

— effect on endometrial changes, 209 

— enzymatic oxidation and reduction of, 
261 ff. 

— fixation of, in inflamed tissues, 258 

— history of, 251, 256 

— inactivation of, in animal and plant tissues, 
261 ff. 

— in stallion’s urine, 256 

— international unit of, see Glossary 

— isolation of, from follicular fluid, 252, 254 
from placenta, 256 

— properties of, 252 

— structural formula of, 104 

— urinary, derived from androgens, 167 ff., 
264 

— See also Oestrogen 

Oestrous bleeding and oestrogen supply, 41 1 
Oestrous cycle, and histology of pituitary, 86 ff. 

— effect of FRH and LH in, 41 ff., 53 ff., 
410 ff. 

— effect of progestin on, 408 ff. 

— gonadotrophin output in, 41 ff. 

— induced by hormones, 41 ff, 408 ff. 

— inhibited by oestrogeji, 319, 382 

— in mice and incidence of cancer, 361 ff. 

— mechanism of, 41 ff., 410 ff. 

— of rat, absence of lutein phase in, 86 
Oestrus, antagonism of oestrogen and testo- 
sterone in, 210 

— influence on, of gonadotrophin, 195 ff. 

— inhibition of, by androgen, 195, 210 

— by corpora lutea, 57 

by deoxycorticosterone, 451 

— in spayed dogs, induced by implanted 
oestral ovaries, 251 

— renewal of, induced by pituitary implants, 
73 

‘Oestrus inhibition’, 304 
Oocytes, in fowls, and egg-laying, 23 

— in partly resected ovary, 23 ff. 

Organizer of tissue growth, 73 

Os clitoridis induced by androgen, 226 ff. 

Ova, nidification of, effect of gonadal hormones 
on, 321 

— number of, and age of individual, 20, 22 
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Ovarian cysts, see under Tumours 
Ovarian follicles as source of oestrogen, 252 ff. 
Ovarian graft in castrated male, effect of, on 
accessory reproductive organs, 161 

— effect of temperature on, 16 1 

— production of androgen by, 161 

Ovarian implants, effect on bone ’ growth, 

371 ff- 

Ovarian tumours, see under Tumours 
Ovariectomy, FRH output increased by, 13 

— See also Gonadectomy; Spaying 
Ovaries, effect of gonadotrophin on, in non- 

spayed and spayed hypophysectomized rats, 
24, 55 

' — insect, control of, by cerebral gland, 21 
Ovary, and testis, compatibility of, in trans- 
plantation, 179 
similar actions of, 107 

— atrophy of, after hypophysectomy, i 
caused by androgens, 193 

caused by oestradiol, counteracted by 

testosterone, 20z 

lack of FRH as cause of, 282 

— compensatory hypertrophy of, following 
partial spaying, 22 

— cytology of embryonic, 177 

— development of, 176 ff. 

increased by testosterone, 192 ff. 

— early irresponsiveness of, to gonadotrophin, 
18, 70 

— effect of adrenalectomy on, 448 

— effect of androgen on undeveloped, 188 

— effect of androgen on, in varying doses, 

193 

— effect of FRH and LH on, 15 ff., 21, 282, 
399 

— effect of gonadotrophin on, restrained by 
testosterone, 12 1 

— effect of oestrogen on, 282 
counteracted by androgen, 1 92 

— effect of progestin on, 408 ff. 

— effect of testosterone and gonadotrophin on. 


— effect of X-rays on, 252 ff. 

— embryonic, differentiation of, 176 ff. 

effect of androgen and gonadotrophin on, 

183 

effect of androgens on, 178 ff., iSzff. 

effect of testicular grafts on, 178 ff. 

sex reversal of, by symbiosis, 181 ff. 

sexually indifferent stage of, I77> 

transformation of, into testis, 181, 184 

— enlargement of, effect of LH on corpora 
lutea as cause, 282 

— immature, action of gonadotrophin on, 18, 
70 ff., 1 91 

— immature and mature, effect of oestrogen 
on, 280 ff. 

— interstitial cells of, 177, 44S 
as source of oestrogen, 253 

— of hen, action of, on right vestigial gonad. 


— of rats, effect of gonadotrophin on, in- 
fluenced by light, 38 £ rc 

— single, compensatory hypertrophy of, 22 ft. 


Oviducts, effect of androgens on, 185, 215 

— effect of oestrogen on, in prenatal treatment, 

^ 274, 276 

— enlargement of, caused by oestrogen, 15 

— See also Fallopian tubes 
Ovogenesis, 19 ff., 281 ff. 

— effect of oestrogen on, 281 ff. 

— number of primordial ova at different ages, 

20 

Ovulation, and action of progestin on FRH 
output, 408 

— and LH, 18, 31, 409 ff. 

— and luteinization, 18 ff. 

— and puberty, 30 

— arrested by androgens, 194 ff. 

— arrested by withholding LH, 194 

— effect of androgens and oestrogens on, 
191 ff. 

— effect of cadmium and copper salts on, 19, 
75 

— effect of picrotoxin on, 19 

— effect of progestin pn, 57, 408 ff. 

— indirect effect of testosterone on, 196 

— induced by agent which increases output of 
gonadotrophin, 18, 31, 395 ff- 

— induced by LH, 18 ff., 410, 412 

— induced by pituitary extracts, 20 

— in relation to electrical potential of vagina, 
307 

— in women, pituitary influence on, 19 

— psychological stimuli of, 39, 398 

— species-variation in, 31 . 

— stimuli affecting, 410 

Ovulation-producing hormone of pregnancy 
urine, i, 10, 19 

— effect of heat on, i 

Oxytocin, effect on uterus inhibited by gonadal 
hormones, no, 324, 423 

Pancreas, insulin content of, affected by 
oestrogen, 379 

— lesions of, caused by androgen, 237 
Pancreatectomy, glycosuria of, prevented by 

oestrogen, 378 

Papain, inactivation of gonadotrophins by, 3 
Papio porcarius^ effect of progestin on, 437 
Parabiosis, effect on immunity to gonado- 
trophin, 80 

— in study of hormones, I3» 52 

— larval, predominancy- of male partner in, 
180 ff. 

— of female and male rats, 1 1 8 

— See also Symbiosis, artificial 
Paraphimosis and balanitis, caused by oestro- 
gen treatment, 291 

Parathyroid, effect of androgen on, 238 

— effect of oestrogen on, 380 
Parathyroidectomy, effect on pituitary, 94 
Parturition, date of, factors influencing, 422 ff. 

— hormonal balance controlling, 323 ff- 

— inhibition of, by chorionic gonadotrophin, 
422 

Passer domestinis, differing responses of, to 
pituitary and placental gonadotrophin, 1 1 

— illumination of, effect on gonads, 35 
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Penis, and prepuce, relationship between, 
225 i 

— castration-atrophy of, effect of androgens on, 
224 

— growth of, effect of androgens on, 223 ff- 

— hypertrophy of, after gonadotrophin, 222, 
224 

— musculature of, effect of castration on, 
counteracted by androgen, 228 

effect of oestrogen on, 291 

— rudimentary, in female, effect of androgens 
on, 224 ff. 

Pepsin, inactivation of hormones by, 2 ff. 
Perineum, effect of androgen on, 222 ff. 
Permeability of capillaries, see Permeation of 
capillaries 

Permeation of capillaries, effect of oestrogens 
on, 382 

Peromyscm leucopus novehoracensisy effect of 
illumination on gonads of, 37 
Phoxinus laevis, androgen treatment of, after 
breeding season, 202 . 

Pigeon’s crop-gland, effect of adrenal hor- 
mones on, 452 

— effect of prolactin on, 345 ff. 

‘Pigeon’s milk*, 345 

Pigmentation, effect of androgen on, 162, 
240 ff. 

— in birds, effect of LH on, 17 
effect of oestrogen on, 128, 241 

— in brunettes with virilism, 240 ff. 

— in castrated male, effect of androgen on, 
240 ff. 

— in chicken explants, influence of gonadal 
hormones on, 241 

Piperidinomethylbenzdioxan, action of, on 
uterus, effect of sex hormones on, 324 
Pitocin, 423 flf. ; see Glossary 
Pitressin, 423 ff . ; see Glossary 

PITUITARY: 

— anterior lobe of, as source of gonado- 
trophin, 6, 32 ff. 

factors ” influencing cytology and weight 

of. 85-95 

— autotransplantation of, 39 

— bipotential, in newborn rat, 61 

— castration changes in, prevented by andro- 
gen, 63, 89 

effect of oestrogens on, 63, 88 

— cell-counts in female and male, 92 

- — chromophobe swellings of, caused by 
oestrogen, 15 1 

— component of, activating placental gonado- 
trophin, II 

— conduction of afferent impulses to, 38 ff. 

— control of, by androgen, 55 ff., 88 ff. 

by oestrogen, 51 ff., 88 ff, 

' by ovary, 21 

by progestin, 57 ff., 91 

' — control of adrenals by, 442 

— control of androgen production by, i72ff. 

— control of oestrogen output by, 24 

— control of reproduction by, 32-84 

— control of seasonal breeding by, 73 


* — co-operation of, with placental gonado- 
trophin, 29 

with pregnancy-urine gonadotrophin, 29 

— cytology of, 85-95 

and gonadal activity, 85 ff. 

during lactation, 87 ff. 

during oestral cycle, 86 ff. 

during pregnancy and pseudopregnancy, 

87 ff. 

effect of administered gonadotrophin on, 

60, 91 ff. 

effect of adrenalectomy on, 94, 449 

effect of age on, 94 ff. 

— — effect of androgens on, 89 ff. 

effect of castration on, 93 ff. 

effect of castration and treatment with 

oestrogen on, 88 ff. 

effect of cryptorchidism on, 46, 49 ff., 94 

effect of gonadal hormones on, .88 ff. 

effect of gonadectomy on, 88 ff., 93 ff. 

effect of ligation of vasa efferentia on, 94 

effect of oestrogen on, 88 ff., 279 

effect of oestrous cycle on, 86 ff. 

effect of parathyroidectomy on, 94 

effect of pituitary implants on, 91 

effect of placental extracts on, 91 

effect of pregnancy and pseudopregnancy 

on, 87 ff. 

effect of progestin on, 88, 91 ff. 

effect of sex on, 62, 92 

effect of thyroidectomy on, 94 

effect of under-feeding on, 94 

effect of vitamin deficiencies on, 94 

female and male, 62, 92 flf. 

in breeding season, 85 

in chorionepithelioma, 88 

in pregnancy and pseudopregnancy, 

87 ff. 

under different influences, 85 ff. 

— deficiency of, androgen treatment of, 201 

counteractive methods in, i, 6, 17 

cytology of, 85 

effects of, I, 6, 201 

See also Hypophysectomy 

— disorders of, and changes in adrenal cortex, 
442 

— effect of acetylcholine and prostigmine on, 
39 

— effect of administered gonadotrophin on, 
59 ff., 91 ff. 

— effect of androgen on, 55 ff., 89 ff., 176, 184, 
217 

— effect of atropine on, 39 

: — effect of castration on, counteracted by 
androgen, 89 

— effect of deoxycorticosterone on, 438 

— effect of gonadal hormones on sex-type of, 
61 ff. 

— effect of oestrogen on, 41 ff., 51 ff., 88 ff., 

277 ff-. 434 

— effect of partial gonadectomy on, 46 ff. 

— effect of progesterone on, 41 ff., 57 ff., 91, 
404 ff., 434 

— effect of testosterone on, 90 

— embryonic, chromophobe cells in, 85 
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Pituitary {cont,) 

enlargement of, caused by oestrogen, 277 ff. 
factors influencing gonadotrophic activity 
of, 32-69 

— female, effect of implanted testes on, 61 
female and male, comparison of luteinizing 

effect of, 63 ff. 

effects of gonadal grafts on, 61, 63 
gonadotrophic potencies of, compared, 
45, 60 ff., 92 ff. 

weights of, 64, 92 

— function of, effect of castration on, 14 

— gonadal restraint of, 44^59 

— gonadotrophic activity of, effect of afferent 
stimuli on, 34 ff. 

effect of external temperature on, 40 ff. 

effect of partial gonadectomy on, 47 ff. 

effect of psychological stimuli on, 39 

factors influencing, 32-69 

seasonal variations in, 41 

— gonadotrophic potency of, cyclical varia- 
tions in, 43 

during oestrous cycle, 41 ff. 

during pregnancy., 44 

effect of age on, 31 

effect of cryptorchidism on, 45 ff., 49 ff, 

effect of enzymes on, 2 ff. 

effect of gonadectomy on, 44 ff. 

effect of gonadotrophin on, 59 ff. 

effect of illumination on, 34 ff. 

effect of X-ray sterilization on, 50 ff, 

increase of by gonadectomy, counter- 
acted by gonadal hormones, 62 

inhibition of, by androgen, 55 ff., 113 ff. 

by gonadal hormones, 51 ff., 113 ff. 

by oestrogens, 41 ff., 51 ff. 

by progestin, 57 ff., 1 14, 406 

— human, female and male compared, 61 ff. 

— inhibition of, by gonads, 50-9 

— luteinizing action of, assisted by oestrogen, 
16 

inhibited by implanted testes, 61 

— mare’s and stallion’s, effects on rat ovaries 
compared, 63 

— of castrate, cryptorchidand normal rat, 45ff., 
238 

— participation of, in reversible reactions, 142 

— potency of, in gonadectomized female and 
male rat, 62 

— response of, to oestrogen, in different strains 
of mice, 278 

— reversible enlargement of, caused by 
oestrogen, 278 

— stimuli to, hormonal and nervous conduc- 
tion of, 39 

— transmission of stimuli to, nervous and 
hormonal, 34 ff. 

— transplantation of, and gonadotrophin pro- 
duction, 39 

— trophins of, as controls of androgen forma- 
tion, 172 

— weights of female and male, 64, 92 

Pituitary extract, antigenic potencies of, 80 

— effect on castrated males, 164 


— effect on follicles, 21 

-y effect on parental behaviour, 145 
masculinization action of, 106, no 
Pituitary gonadotrophin, see Gonadotrophin, 
pituitary 

Pituitary grafts, activity of, 39 

— as source of gonadotrophin, 39 
Pituitary growth-hormone, 369 ff. 

Pituitary hormones, see Gonadotrophin 
Pituitary hormones, output of, controlled by 

adrenal cortex hormones, 443 ' 

Pituitary implants, and oestral stage of donor, 
42 

— effect on chicks, 70 

— effect on testes, 26 ff. 

Pituitary tumours, caused by oestrogen, 277 ff. 
Pituitary-adrenal relationship, 443 
Pituitary-gonadal balance, 21 ff., 47, 441 ff. 
Pituitary-gonadal relationship, 91 ff., 150, 443 
Pituitary-ovary balance, 17 ff., 51 ff., 70 ff. 

— effect of partial gonadectomy on, 24 
Pituitary-testis balance, 50 ff. 

Pituitrin, 424 ff. ; see Glossary 

Placenta, as source of gonadal hormones and 
gonadotrophin, 6, 255 ff., 400 ff., 415 

— formation of, induced by progesterone with 
oestrogen, 420 

action of progestin in, 419 ff. 

Placentoma, 41 9 ff. 

Plumage of female and male birds, effect of 
androgen and oestrogen on, 17, loi, 114, 241, 
270, 376 

Precocious sexual maturity, 31 

— induced by adrenal implant, 163 

— induced by adrenocortical extracts, 448 ff. 

— induced by androgens, 145 ff., 160, 201 

— induced by gonadotrophin, 27 ff., 73> 145^- 

— induced by pituitary implants, i8 

— of prostate induced by androgens, 217 
Pregnancy, diagnosis of, by pregnanediol esti- 
mations, 412 

— effect of oestrogen supply in, 321 

— effect of progestin in, 415 ff. 

— effect on cytology of pituitary, 85, 87 ff. 

— gonadotrophic activity of pituitary in, 44 

— maintenance of, effect of corpora lutea on, 
421 

effect of oestrone on, 421 

effect of progesterone on, 421 

— of rodents, copulation during, 419 
‘Pregnancy cells’ in pituitary, 85, 87 ff. 
Pregnancy changes and progestin, 88. See also 

‘ Pregnancy cells ’ 

‘Pregnancy changes’ in pituitary function, 44, 

91 

Pregnancy test, Aschheim and Zondek, 5, 7ff* 
See also Glossary 

— mouse test, see Glossary 

— rabbit test, see Glossary 
Pregnanediol, and derivatives, normal excretion 

of, 392 ff. 

pathological excretion of, 391 ff. 

— biological effect of, 414 

— effect on vagina of spayed mice, 414 

— excretion of, by bull, 105, 394 
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Pregnanediol, excretion of, during menstrual 
cycle, 392 ff. 

— from progesterone, 392 ff. 

— significance of, in urine, 392 ff., 412 
Pregnanediol glycuronate, sodium s^lt of, 

pathological excretion of, 392 ff. 
ej>^//oPregnaneolone, 394 
Pregnane-3 :20-triol, 394 
Pregneninolone, 112, 389, 434. See also 
Appendix 

Preputial glands, castration atrophy of, pre- 
vented by androgen and oestrogen, 221 ff. 

— effect of androgens and oestrogens on, 
221 ff., 301 

— effect of gonadal hormones on, 116 * 

Progestational changes, after hypophysectomy, 

effect of androgen on, 209 

— co-operation of oestrogen and progesterone 
in, 426 ff. 

— effect of gonadal hormones on, 117, 208 ff. 

— effect of oestrogen and progesterone on, 429 

— effect of oestrogen dosage on, 429 

— in spayed rats, effect of androgen on, 209 
Progestational effect of luteal extract, 416. See 

also Corpora lutea; Progesterone 
Progesterone, 114, 389 ff. 

— and androgens, similar effects of, 109 ff. 

— and deoxycorticosterone, similarity of, 99, 
438 

— and oestrogen in nidation of ova, 41 8 

— as cause of oedema, 437 ff. 

— assay of, 417 

with minnow’s ovipositor, 439 

— conversion of, into pregnanediol, 394 

— effect of dosage of, 433 ff. 

— effect on accessory genital organs, ii‘i, 413- 
35 

— effect on endometrium, 208 

— effect on excretion of water, 437 

— effect on glycogen content of endometrium, 
420 ff. 

— effect on nidation of ova, 417 ff. 

— effect on ovary and pituitary, 58 

— effect on pituitary production of FRH, 428 

— effect on pituitary production of LH, 409 

— effect on uterus, 450 ff. 

— effect on vagina, 451 

— estimation of, as pregnanediol, 412 

— excretion of, as pregnanediol, 392 ff. 

— formation and properties of, no, 114, 394 

— from corpora lutea, 390 

— increases fertility of rats, 417 

— indirect effect on oestrogen production, 428 

— in uterine conversion of oestrone into 
oestriol, 428 

— metabolism of, 392 ff. 

— production of, in placenta, 423 

— progestational response to, 208 

— protective action of, against oestrogen, n i 

— sources of, in commerce, see Appendix 

— species-difference in reaction to, 429, 433 

— structural formula, 99, 389 

— See also Progestin 
a-Progesterone and jS-progesterone, 395 
Progestin, 389-405 


— absence of storage of, 392 

— adrenals as source of, 391 

— androgen and oestrogen, similar effects of, 

III 

— biological action of, 406-39 

— corpora lutea as source of, 390 

— definition of, 100 ff., 389 ff., 406 

— effect of, in oestrous cycle, 410 ff. 

— effect on accessory male reproductive 
organs, 407 ff. 

— effect on embryological development of re- 
productive organs, 406 

— effect on menstrual bleeding, 41 1 ff. 

— effect on menstruation, 57 ff. 

— effect on output of pituitary gonadotrophin, 
58 ff., 406 

— effect on ovary, 408 ff. 

— effect on ovulation, 57, 402 

— effect on pituitary, 41, 57 88, 91, 406, 

409, 438 

— effect on spermatogenesis, 406 ff. 

— effect on testis, 406 ff. 

— effect on uterus, 417 ff. 

— effect on vaginal keratinization and muci- 
fication, 413 

— function of, loi 

— in formation of placenta, 419 

— in regulation of oestrus and ovulation, 57 

— placenta as source of, 390 

— preparation of, from placentae, 391 

— production of, during oestrous cycle, 43 

— source of, in adrenal, placenta or ovary, 415 

— sources, functions and metabolism of, 

389-405, 415 

— storage in body of, 392 

— See also Progesterone 
Progestogen, definition of, 389 n. 

Prolactin, effect of, counteracted by oestrogen, 

346 

— effect on mammals, 345 ff. 

— effect on pigeon’s testes, 344 

— production of, effect of oestrogen on, 346 

— properties of, 342 ff. 

Prolan, 4, i o ff. See also Gonadotrophin, 
chorionic; Gonadotrophin, placental; Gona- 
dotrophin, pregnancy-urine ; Hormone, 
pregnancy-urine ; see also Glossary 

— and pituitary extracts, comparison of, i o ff. , 
16 ff. 

— and placental gonadotrophin, similarity of, 

II 

— and pregnant mare’s serum gonadotrophin, 
comparison of, 12 

— antibodies, 79 

— definition of, 4 

— isoelectric point of, 4 

— nature of, 80 

— source of, 10 

— synergistic effect of, 74 
Prooestrogens, definition of, 1 27 

Prostate, and coagulating glands, effect of 
androgens on, 215 ff. 

— atrophy of, after hypophysectomy, i 

— enlargement of, origin and therapy of, 153, 
216 ff., 297 ff. 
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Prostrate, enlargement of, treated by castration, ' 
152, 218, 299 

hypertrophy of, excess of testicular andro- 
gen in, 2 i6 

— maintenance of, by testis, 188 

vestigial, in females, effect of androgens on, 

217 

Prostatic epithelium, effect of androgen and 
oestrogen on, 217 ff., ^95 ff. 
Pseudopregnancy, effect on cytology of 
pituitary, 87 ff. 

— vaginal epithelium in, 413 

Ptyalin, crude, effect on FRH and LH, 3 

— inactivation of hormones by, 3 
Puberty, and seasonal breeding, 30 

— and sexual activity, 30 

— precocious, induced by gonadotrophin, 73. 
See also Precocious sexual maturity 

Rana sylvatica, temperature effect on larvae of, 
185 ff. 

Resistance, -acquired, to gonadal hormones, 150 

to gonadotrophin, 76 ff. 

Rhodeus amarusy effect of gonadal hormones on, 
109 

Rhodnius proUxus, ovary controlled by corpus 
allatum, 21 

Sarcoma, caused by gonadal hormones, 15 1, 
250, 268, 376, 383 

Scarlet red in cytology of adrenal, 233 
Scrotum, effect of androgen on, 201, 222 ff. 

— effect of castration on, 222 

— effect of oestrogen on, 291 

— motor function of, effect of castration on, 
223 

— shrinkage of, caused by hypophysectomy, 
200 


Sex characters and gonadal activity, history of, 
96 

Sex determination, effect of gonadal hormones 
on, 113, 151 

Sex, effect of, on gonadotrophic potencies, 60 
Sex reversal, and genic constitution, 151, 183 ff. 

— in artificial symbiosis, i8i ff., 271 

— induced by androgen in embryos, 186 

— of larval frogs and salamanders, induced by 
androgen, 183 

— of larval salamanders, induced by oestrogen, 
272 ff. 

— without change of sex chromosomes, 15 1 
Sexual maturity, precocious, induced by 

gonadotrophin, 27 ff., 73 
Siderophile granules in virilizing tumours, 454 
* Signet ring ’ cells of pituitary, after castration, 
93 

Skeleton, effect of androgen on, 107, 241 ff. . 

— hypercalcification of, effect of oestrogen on, 
prevented by androgen, 244 

graded response to oestrogen in, 268 

Skin, action of androgen on, 239 ff. ‘ 

— effect of oestrogen on, 240, 376 
Sodium, excretion of, effect of pregnanediol 

and progesterone on, 437. See also Electro- 
lytes and water, excretion of 
Sodium pregnanediol glycuronate, patho- 
logical excretion of, 392 ff. 

Sorex minutuSy intersexual characters in, 208 
Spayed hen, neutral plumage of, loi 
Spaying, effect on plumage of, loi 

— partial, 21 ff., 47 ff. See also Castration, 
partial; Gonadectomy, partial 

cancer as sequel of, 47 

effect on mammae, 48 

effect on oestral cycle, 48 

effect on remaining ovarian tissue, 47 


Secondary sexual characters depending on 
genes, 139 

Seminal epithelium, destruction of, effect on 
pituitary, 93 ff. 

in vitamin-E deficiency, 94 

Seminal fluid coagulated by enzyme action, 
215 

Seminal vesicles, atrophy of, after hypophy- 
sectomy, I, 57 

— effect of androgens on, 218 ff., 224 

— effect of oestrogen on, 218 ff., 296 ff. 

— maintenance of, by testis, 188 

— of rats, effect of light and gonadotrophin on, 

38 

Seminoma, see under Cancer 

— effect on gonadotrophin output, 8 ff. 

Sensitization of uterus to action of proge- 
sterone, by oestrogen, 427 

Serum, antigonadotrophic, 77 ff. 

production of, by gonadotrophic extracts, 

80 

by non-gonadotrophic protein, 79 

— gonadrotrophic potency of, affected by 
gonadotrophin, 55 

affected by hypophysectomy, 55 

affected by spaying, 55 

inhibited by oestrogen, 55 


effect on uterus, 48 

oestrogen output increased by, 48 

— unilateral, effect on fecundity, 21 ff. 

— See also under Castration ; Gonadectomy 
Sperm motility, as test for androgen, 202 

— effect of androgen on, 202 
Spermatogenesis, after hypophysectomy, main- 
tained by androgen,. 198 ff. 

— effect of gonadal hormones on, 406 ff. 

— effect of oestrogen on, 284 

— effect of temperature on, 206 

— inhibited by hypophysectomy, 1 98 ff. 

— restrained by excess of androgen, 196 
Spermatozoa, survival of, in pregnancy, 419 
Sterility in cattle, related to progestin, 410 
Sterilization by X-rays, 46 ff., 50 ff. 
Stilboestrol, as cause of fibromyoma, 317 

— detoxication of, effect of pregnancy on, 
262 

— inhibition of growth by, 369 

— See also Diethylstilboestrol 

Storage, of androgen, absent or exceptional, 

— of gonadal hormones, not appreciable, 102 

— of gonadotrophins, not appreciable, 4 

— of oestrogen, not detected, 259 
Streptopelia decaocta syn. risoria, 273 ff. 
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Submaxillary salivary gland, cytology of, 239 

— effect of castration on, counteracted by 
androgen, 239 

— effect of gonadal hormones on, 239 

— sexual dimorphism of, 239 
Superfecundation induced by gonadotrophin, 

size of litters in, 20 

Superovulation, induced by gonadotrophin, 20 
Symbiosis, artificial, 179, 181 

— definition of, 179 

— natural, 179 

— See also Parabiosis 

Synergism, 74. ‘See also Augmentation 

Temperature, effect on development of ovary, 
185 

— effect on embryos and larvae, 185 ff. 

— effect on epididymis and testis, 206 

effect on gonadal response to gonado- 
trophin, 84 

— effect on production of androgen, 84, i6i 

— effect on spermatogenesis, 30, 84 

— effect on testicular changes, 84, 161 ff. 

— effect on undescended testis, 30, 84, 161 

— external, in relation to breeding season, 40 
Teratoma, testicular, 8, 10. See also under 

Tumours 

Testes, and ovary, similar actions of, 107 

— atrophy of, after hypophysectomy, i, 25 ff. 
after hypophysectomy counteracted by 

gonadotrophin, 25 ff. 

caused by androgens, 55, 196 ff., 216 

counteracted by gonadotrophin, 56 ff., 

196 ff. 

caused by oestradiol, counteracted by 

testosterone, 202 

caused by oestrogen, 283 ff. 

— cytology of embryonic tissue of, 177 

— descent of, 202 ff. 

action of gubernaculum on, 206 

clinical use of gonadotrophin in, 205 

conditions favourable to, 206 

effect of androgens on, 198, 202, 205 ff., 

288 

effect of dosage of testosterone on, 205 

effect of FRH on, 203 

effect of general health on, 65 ff. 

effect of gonadotrophin on, 27 ff., 202 ff., 

288 

effect of LH on, 203 

factors affecting, 202 ff., 205 

influenced by androgens and gonado- 
trophin, 184, 202 ff., 205, 288 

inhibited by gonadal hormones, 58, iiz, 

205 ff. 

— descent of paraffin model of, 203 

■ — descent or retraction of, caused by andro- 
gens, 198, 202 ff. 

— development of, 176 ff. 

— drakes’, effect of blinding on, 36 

— effect of adrenalectomy on, 448 

— effect of androgen on, prevented by gona- 
dotrophin, 197 

development and function of, 183 ff., 

196 ff., 216 


immature, 1 84 

— effect of excessive androgen on, 1 96 ff. 

— effect of FRH and LH on weight of, 15 

— effect of gonadotrophins on, 12, 25 ff. 

— effect of gonadotrophins on, during treat- 
ment with testosterone, 1 84 

— effect of prolactin on, 344 

— effect of progestin on, 406 ff, 

— effect on androgens in perfused blood, 157 

— embryonic, interstitial glandular cells of, 177 
differentiation of, 176 ff. 

indifference of, to androgens, 183 ff. 

sexually indifferent stage of, 183 

— feminizing effect of ovarian hormones on, 

275 

— fluid in intertubular spaces of, 204 

— gonadotrophin supply to, inhibited by 
androgen, 184 

— grafted in spayed females, effect ; on bone 
growth of, 371 

— hyperplasia of interstitial tissue of, caused 
by oestrogen, 284 

— immature, effect of pituitary implants on, 26 

— interstitial tissue of, as source of androgen, 
iS8ff. 

— — effect on cock’s comb, 158 

— location of, during experiments, 29 ff. 

— neoplasia of interstitial tissue of, caused by 
oestrogen, 284 ff. 

— non-descent of, caused by gonadal hormones, 
112 

caused by oestrogen, 275, 287 ff. 

effect of vitamin-E deficiency on, 288 

See also Cryptorchidism 

— of immature animals, effect of androgens on, 
196 

— of immature rats, effect of gonadotrophin on, 
203 

— of mature rats, effect of androgens on, 197 

— of sparrows, effect of prolonged illumina- 
tion on, 37 

— production of androgens in, 157 

— progestational effect of, 208, 392 

— retarded development of, caused by oestro- 
gen, 275 

— undescended, atrophy of, affected by tem- 
perature, 30, 84, 16 1 

Testicular androgen, compared with andro- 
sterone, 217 

Testicular cancer, frequency of, in retained 
testes, 287 

Testicular changes affected by temperature, 
84, 161 ff. 

Testicular extract, effect on castrated guinea- 
pigs, 215 

Testicular extracts, effect of treatment with, 

153 

Testis, single, compensatory hypertrophy of, 26 
Testosterone, alteration of, before excretion, 
165 ff. 

— and methyltestosterone in progestational 
changes, 208 

effects compared, 97 ff. 

— and prevention of mammary cancer, 1 50 

— and sarcoma, 1 5 1 
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Testosterone, and testosterone esters, effects 
compared, 13 1 

and testosterone propionate in progesta- 
tional responses, 209 

— conversion of, into androsterone, 154, 157, 
165 

— conversion of, into oestrogen, 103 

— dosage of, effect on ovary, 193 

— effect on castrated rats, 57 

— effect on cryptorchid testes in hypophy- 
sectomized rats, 200 

— effect on embryonic ovary, 182 ff. 

— effect on larval axolotls, 188 

— effect on Mullerian and Wolffian systems, 
i86ff. 

— effect on oviducts of new-born rats, 188 

— effect on pituitary, 90 

— effect on pregnant mice, 186 ff. 

— effect on testes, 56 

— effect on testis in hypophysectomized rats, 

199 

— effect on vagina of immature rats, 190 

— in treatment of pituitary deficiency, 201 

— in uterOy as cause^ of male structure in female 
litter, 188 ff. 

— metabolism of, 102, 103, 154 

— natural and synthetic, 154 

— production of, in testis, 157 

— secretion and inactivation of, 157, 165 ff. 

— structural formula, 98, 102 

— suppresses pituitary FRH, 57 

— transformation of, before excretion, 165 ff., 
172 

— See also Androgens; Hormones, Gonadal 
Testosterone propionate, and intersexualism in 

embryos, 113 

— effect on excretion of gonadotrophin, 215 
Thecal cells, as source of oestrogen, 254 
Thecoma, excretion of oestrogen in, 254 
Theelin, 251 

Thymus, effect of androgens and oestrogens 
on, 239 

— effect of castration on, 238 
Thyroid, effect of androgen on, 238 

— effect of castration and cryptorchidism on, 

237 

— effect of, on gonadotrophic potency of 
pituitary, 69 

Thyroidectomy, effect on pituitary, 94 

— effect on production of pituitary gonado- 
trophin, 69 

— effect on testes, 337 

Thyrotrophin, effect of proteolytic enzymes 
on, 3 

— inactivation of, by thyroid gland, 5 

— production of, after gonadectomy, 238 

— responsiveness of individuals to, 80 
Thyroxin, effect on immature male testes, 

238 

Tissue growth and cancer, induced by gonadal 
hormones, 147 ff- 

— cellular differentiation in, controlled by 
gonadal hormones, 147 ff. 

gradients of reactivity in, 140, 149 

irresponsive and responsive tissues, 149 


Transplants, normal reactions of, to hosts* 
hormones, loi, 114, 270, 305 
Triphenylchlorethylene, inhibition of lactation 
by, 340 

Triphenylethylene, and mamffiary cancer, 98 

— in co-operation, with androgens, 214 

— oestrogenic action of, 98, 415 

— structural formula, 105 

Triton cristatuSy changes of, in breeding season, 

158 

Tritums torosus, male predominant in para- 
biosis, i8i 

Trophin, definition of, see Glossary 
Trophins, production of, in pituitary, i, 32, 172 
Trypsin, inactivation of hormones by, 2 ff. 

TUMOURS : see also Cancer 
Adenoma of breast, benign, 332 
Adrenal hyperplasia and neoplasia, 453 

— excretion of androgens in, 163, 455 ff. 

— excretion of oestrogen in, 103, 257 

— excretion of progestin in, in, 393, 394 
Arrhenoma and ovarian androgen, 162 ff. 
Cystic glandular hyperplasia of uterus, 

caused by oestrogen, 313 

— caused by testosterone, 208 

— caused by X-rays, 349 ff. 

Cystic mastopathy and oestrogen, 328 ff., 

333ff- 

Cysts, of uterus masculinus, caused by 
oestrogen, 299 

— ovarian, caused by androgens, 182, 192, 
196, 283 

caused by excess of gonadotrophin, 25, 

48 

caused by oestrogens, 15 1, 196, 283 

caused by partial spaying, 48 

in acromegaly, 25 

— uterine, caused by partial spaying, 48 
Deciduoma, dependence on corpora lutea, 

405, 428 ff. 

— caused by androgen, 109, 211, 319 

— caused by progestin, 419 

— caused by testosterone, 21 1 

— co-operation of two hormones in, 117 

— formation of, prevented by oestrogen, 
428 ff. 

Deciduoma reaction, 428. See also Pla- 
centoma 

Endometrial moles and endometriosis, caused 
by oestrogen, 318 

Endometrioma, androgen-treatment of, 208 
Endometriosis, stromatous, caused by oestro- 
gen, 319 

Feminizing tumours, cytology’’ of, 454 
Fibro -adenoma of mamma in rats, caused by 
oestrogen, 350 

Fibroid tumours, in males and females, 
caused by oestrogen, 3 1 7 ff- 
Fibromyoma of uterus, caused by oestrogen, 
21 1 ff., 316 ff. 

— prevented by androgen or progestin, 317 

— induced by different oestrogens, 317 
Granulosa cell tumour, excretion of oestro- 
gen in, 254 ff., 318, 349 ff- 
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Tumours (cont.) 

Granulosa tumours induced by X-rays, 
349 ff- 

Haemangioma of liver caused by oestrogen, 
377 

Hepatoma caused by oestrogen, 377 * 

Hyperplasia, of adrenal cortex, and virilism, 
163, 453 

— of endometrium, 318 

— of interstitial tissue of testis, 285 if. 

— of uterine stroma, 316 

Interstitial tissue of testis, tumour of, 
androgen production by, 160, 285 

caused by oestrogen, 284 ff. 

Lymphoid tumours caused by oestrogen, 

383 

Mammary adenoma caused by oestrogen, 

151 

Placentoma, 419 ff. See also Deciduoma 
Pregnanediol glycuronate, sodium, excretion 
of, in adrenal tumours, 392 ff. 

Sarcoma, induced by androgen, 250 

oestrogen, 268, 373, 376 

Seminoma, increase of urinary gonado- 
trophin in, 8 ff. 

Testis, chorionepithelioma of, 8 

— teratoma of, caused by zinc chloride, 
49 

diagnosis of, 8, 10 

gonadotrophin excreted in, 8, 10 

Thecoma, excretion of oestrogen in, 254 
Tumours, adrenal, and gynaecomastia, 452 

excretion of androgens in, 103, 163, 

173. 4S3 ff- 

excretion of oestrogens in, 103, 455 

excretion of sex hormones in, 163, 

455 ff- 

of men, excretion of oestrogen in, 456 

hormonal disturbance in, 456 

pigmentation of areola in, 456 

of women, as cause of virilism, 163, 

453 ff- 

excretion of ir^w^dehydroandro- 

sterone in, 163 

excretion of 17-ketosteroids in, 163 

staining reactions of, 453 ff. 

virilizing, cytology of, 453 ff. 

— caused by gonadal hormones, 151, 182, 
192, 196 

— caused by oestrogen, 15 1, 313-19. See 
also under Cancer ; Cysts supra ; Oestrogens 

effect of sex on dosage needed, 3i7fF. 

prevented by androgen, 317 

prevented by progestin, 317 

— osseous, caused by oestrogen, 268, 373 
spontaneous, in mice, 373 

— ovarian, and cysts, caused by androgen or 
oestrogen, 283 

— pituitary, caused by oestrogen, 35, 277 ff. 

— testicular, Aschheim-Zondek test in, 7 ff. 

excretion of gonadotrophin in, 9 

following partial castration, 49 

■ induced by oestrogen, 284 ff. 

in retained testes, 287 

— types of, caused by gonadal hormones, 1 51 


— virilizing, staining reactions of, 453 ff. 
See also Cancer; Tissue growth 

Uterus, cysts of, caused by partial spaying, 

48 

— fibromyoma of, 211 ff., 316 ff. 

Uterus masculinus, cyst of, caused by 
oestrogen, 299 

Twins, embryo bovine, gonads of, 180 

Ultra-violet light, inactivation of prolan by, 2 
Under-feeding, and incidence of mammary 
cancer, 139 

— effect on accessory reproductive organs, 
counteracted by gonadal hormones, 65 ff. 

— effect on female and male gonads, 64 ff., 94 

— effect on gonadotrophic activity of pituitary, 
64 ff., 67 

— effect on gonads, counteracted by gonado- 
trophin, 65 ff. 

counteracted by pituitary implants, 66 

— effect on oestrogen production, 139 

— effect on oestrus, 65 

— effect on ovarian follicle^, 65 

— effect on seminal epithelium, 94 

— reversible effects of, 65 

— See also Nutritional deficiency ; Vitamin 
deficiency 

Ureteral dilatation in pregnancy, effect' of 
gonadal hormones on, 325 
Urethra, as accessory male reproductive organ, 
227 

— epithelial metaplasia of, caused by oestrogen, 
291 

— female, effects of androgens on, 227 

— hypertrophy and hypospadias of, 227 

— male, castration atrophy of, counteracted by 
androgen, 228 

development of, 227 ff. 

effect of androgen on, 227 ff. 

Uterine bleeding, cause of, 21 1, 3i9ff. 

— effect of spaying on, 21 1 

— inhibition of, by gonadal hormones, 21 1, 

319 ff. 

Uterine cysts, see under Tumours 
Uterine hyperaemia, induced by oestrogen and 
release of acetylcholine, 3 1 1 
Uterine musculo -fibrous stroma, hypertrophy 
of, caused by androgen, 207, 214 
Uterine response, to adrenaline, effect of 
oestrogen on, 324 

— to piperidinomethylbenzdioxan, effect of 
oestrin and progestin on, 324 

— to pituitrin, effect of oestrogen on, 324 

— to pituitrin, effect of progestin on, 423 ff. 
Uterine stroma, hyperplasia of, caused by 

oestrogen, 316 

Uterus, atrophy of, caused by deficiency of 
ovarian hormones, 310 

caused by hypophysectomy, i, 310 

caused by spaying, 310 

— carcinoma of, caused by oestrogen, 313 ff.« 

— castration atrophy of, counteracted by 
oestrogen, 310 

— cholinergic action of oestrogen on, 312 
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Uterus, co-operative effect of androgen and 
oestrogen on, 209 

— co-operative effect of oestrogen and pro- 
gesterone on, 415 

— cystic glandular hyperplasia of, caused by 
oestrogen, 313 

— cysts of, caused by partial spaying, 48 

— effect of adrenaline on, reversed by oestrogen, 

324 

— effect of androgen on, 207 ff. 

— effect of androgen and oestrogen on, 208 ff. 

— effect of deoxycorticosterone on, 450 ff. 
effect of dosage of oestrogen on, fi 9 

— effect of light and gonadotrophin on, 38 

— effect of oestrogens on, 310—24 

— effect of progestin on, 417 ff. 

— effect of progesterone on, influenced by 
oestradiol, 429 

— enlargement of, during pregnancy, 425 
effect of hormones on, 426 ff. 

— fibromyoma of, androgen treatment ques- 
tioned, 212 

caused by oestrogen, 21 1 ff., 316 ff. 

— human, condition of, after menopause, 312 

— infection of, influence of oestrogens in, 309 

— leucocytosis of, 315 

— motility of, effect of adrenaline on, 423 ff. 

effect of hypogastric stimulation on, 424ff. 

effect of oestrone and androgen on, 209 ff. 

— effect of oestrone on, 425 

effect of progesterone on, 423 ff. 

— muscular activity of, effect of oestrogen on, 

323 ff. 

— of spayed and non-spayed rats, effect of 
androgens on, 207 ff. 

— of spayed animals, effect of oestrogen on, 
310 ff. 

— respiration of, effect of oestrogen on, 312 

— sensitization of, by oestrogen, to action of 
ergot, 323 

to action of progesterone, 427 

— squamous carcinoma of, caused by oestro- 
gen, 314 

— stroma of, effect of gonadal hormones on, 
207 

— water content of, during menstrual and 
oestrous cycles, 3 1 1 

Uterus masculinus, cyst of, caused by oestro- 
gen, 299 

— maintained by oestrone, 275 ff. 

— embryological origin of, 299 ff. 

Vagina, acidity of, caused by oestrogens, 306 ff. 

— atresia of, caused by oestrogen, 290 

— atrophy of, in spayed animal, counteracted 
by androgen, 213 ff. 

counteracted by oestrogen, 305 

— cornification of, and copulation, 302 ff. 

as test of oestral cycle, 302 ff. 

caused by androgens in infancy, 1 90 

caused by vitamin-A deficiency, 303 

effect of hormones on, 210 ff., 302 ff., 

413 ff. 

effect of hyperaemia and trauma on, 303 

effect of oestrogen on, 302 ff. 


effect of oestrogen dosage on, 414 

inhibited by deoxycorticosterone, 45 1 

inhibited by progesterone, 451 

presence of glycogen in, 307 

prevented by androgen, 210, 212 

— effect of androgen on, 189 ff., 212 ff. 

— effect of oestrogen on, 302-8 

— effect of progestin on, 413 ff. 

— electrical potential changes in, 307 ff. 

— epithelium of, effect of gonadal hormones on, 
214 ff., 302 ff. 

cytology of, 304 

metaplasia of, in response to oestrogen, 

304 

— fibromuscular stroma of, hypertrophy caused 
by androgen, 2 14 

— hyperaemia of stroma of, caused by oestro- 
gen, 305 

— keratinization of, see Cornification 
effect of oestrogen on, in infancy, igo 

— leucocytic invasion of, 308 ff., 315 ff. 

— mucification of, iiyff., 214 ff-, 304 ff., 
413 ff., 451 

antagonism of hormones in, 57 ff., 413 ff. 

co-operation of hormones in, 117 ff. 

co-operation of oestrogen and proge- 
sterone in, 414 ff. 

effect of deoxycorticosterone on, 451 

effect of pregnanediol, 414 

effect of progesterone on, 451 

— of normal and spayed rats, effect of androgen 
on, 207 

— opening of, in hypophysectomized rats, 
effect of androgen on, 213 

in immature rats, effect of androgen on, 

212 

in spayed rats, effect of androgens on, 

213 

— post-castration atrophy of, counteracted by 
androgen, 213 

Vaginitis, gonococcal, treated by oestrogen, 
306 

Vas deferens, effect of castration and of andro- 
gen on, 219 ff. 

— effect of oestrogen on, 300 

— motility of, effect of gonadal hormones on, 
219 

Vasa efferentia, ligation of, effect on seminal 
epithelium, 94 

Virilism, adrenal, 453 ff. See also Masculine 
characters ; Masculinization 
fuchsinophilia of cortex in, 453 ff. 

— and excretion of androgen, 152, 163, 453 ff* 
■ — • and excretion of oestrogen, 455 

— in men, 160, 456 

Vitamin deficiency, see Nutritional deficiency; 
Under-feeding 

Vitamin-A deficiency, effect on gonads, 67 ff. 

■ — effect on pituitary, 67 ff., 94 
Vitamin-B complex deficiency, anoestrus 
caused by, 66 

— effect on gonads, 66, 159 

— effect on male gonads, counteracted by 
androgen, 159 

— effect on pituitary, 66 
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Vitamin-E deficiency, effect on female and 
male pituitary, 68 ff., 94 

— irreversible effect on testis, 69 
Voluntary muscle, development of, influenced 

by hormones, 375 

Vulvovaginitis, oestrogen treatment of, Z90 

Water, accumulation of, in tissues, androgens 
as cause of, 23 6 

^ corticosterone as cause of, Z47 

gonadal hormones as cause of, 305 

oestrogens as cause of, 236 

See also Electrolytes and water, ex- 
cretion of 

— excretion of, effect of progesterone on, 437 
White blood cells, effect of oestrogens on, 

382 ff. 

Wolffian ducts, differentiation of, 187 ff. 

— effect of testis grafts on, 185 


Wolffian system, effect of androgen on, 1 84 ff. 

— embryonic, effect of oestrogen on, 275 ff. 

— maintenance of, 1 84 ff. 

Xenopus laevis, hormonal induction of ovula- 
tion in, 1 10, 191 

X-rays, specific effect on seminal epithelium, 

159 

— sterilization of ovary, masculinization effect 

of, 105, no ^ 

— sterilization of testis, and overproduction of 

FRH, i3ff., 51 

effdfct on pituitary, 14, 94 

X-substances and activity of androgen, 131 ff. 
X-substances, augmentative, 131 ff. 

X zone, see Adrenal ac-zone 

Zosterops, artificial illumination of, effect on 
song season, 38 
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